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ABSTRACT 

AN  ANALYTICAL  STUDY  OF  THE  INTERACTION  OF  TECHNOLOGICAL 

AND  ADMINISTRATIVE  DECISION-MAKING  IN  THE  DEFINING  OF  MARS 

PROJECT  VIKING 

James  Francis  McNulty 

An  engineering  .and  administrative  systems  study  is  made  of  the 
definition  of  NASA's  1975  Mars  landing  project.  The  work  performed  at 
NASA's  Langley  Research  Center  in  the  years  1964-1969  from  initial 
probe  studies  to  lander  hardware  commitment  is  described.  The  focus 
is  on  the  technical  staff,  its  contributions  and  its  interactions  with 
Langley  management,  Washington  NASA  Headquarters,  and  other  NASA  Centers. 
The  workings  of  the  technical-administrative  systems  are  analyzed  by 
utilization  o,!*  formal  system  concepts.  An  appendix  documenting  the 
technology  base  developed  in  this  period  is  included. 

The  main  body  of  the  work,  the  Narrative,  follows  the  progress 
of  the  program  through  (l)  the  Voyagor  years  where  Langley's  roles  were 
first  that  of  consultant  to  the  Jet  Propulsion  Laboratory  on  entry  prob- 
lems and  then  manager  of  the  Voyager  entry  system  and  (2)  the  Viking 
years  where  Langley  undertook  the  total  project  responsibility.  The 
Narrative  starts  by  describing  Langley's  operations  in  the  pre-Mars 
years — working  environment,  management  policies,  sketches  of  pertinent 
personalities,  contributions  to  Apollo— to  furnish  the  necessary  back- 
ground for  an  understanding  of  the  technical-administrative  interplay 
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during  the  Mars  studies.  The  Mars  years,  viewed  from  the  vantage 
point  of  a member  of  the  technical  staff,  traces  the  definition  of  the 
mission  and  the  administrative  responsibilities  as  influenced  by  the 
technological  challenges,  Langley  Research  Center's  and  NASA  Headquarter's 
interests,  and  forces  external  to  NASA  such  as  Congress  and  the  scien- 
tific community.  Two  principal  contributions  of  the  technical  staff — 
the  defining  of  entry  and  landing  mission  mode,  and  the  total  system 
definition  of  launch  vehicle,  spacecraft,  and  lander — are  presented  in 
technical  depth  to  delineate  the  engineering  systems  methodology  devel- 
oped. The  Analysis  portion  examines  the  workings  of  the  technical 
staff,  of  the  technical  staff-Langley  administration  operation,  and 
the  technical  staff-Langley-NASA  interactions.  Formal  concepts  pro- 
posed by  physical  and  behavioral  scientists  are  utilized  to  analyze 
(l)  the  means  by  which  a researcher  makes  a major  contribution,  (2)  \ihe 
performance  of  the  technical  staff,  (3)  the  operation  of  Langley's 
management  system,  and  (U)  the  efficacy  of  NASA  project  decisions. 
Similarities  are  noted  in  the  methods  utilized  at  Langley  in  contribu- 
ting to  the  Apollo  and  Viking  projects.  Conclusions  are  drawn  on  the 
basis  of  the  Analysis  regarding  why  and  how  Langley  Research  Center's 
staff  was  able  to  make  major  contributions  to  project  hardware  defini- 
tion although  the  Center's  primary  function  is  research. 
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PREFACE 


The  NASA,  starting  in  the  late  1950's  and  carrying  through  the 
I960' s,  faced  and  mastered  many  complex  challenges  of  large  size 
projects  such  as  Mercury,  Gemini,  Surveyor,  Lunar  Orbiter  and  Apollo. 
The  size  and  complexity  of  these  challenges  necessitated  NASA  to 
utilize  its  technological  capability  together  with  administrative 
procedures  in  a new  way  which  is  now  commonly  termed  "aerospace 
technology."  Because  of  the  success  of  the  space  program,  considerable 
attention  has  been  given  to  the  "aerospace  technology"  and  transferring 
its  methodology  to  attacking  problems  in  the  civil  sector,  i.e.  mass 
transportation,  pollution,  urban  problems,  etc.  The  success  has  also 
attracted  attention  in  the  management  area  and  investigations  have 
been  made  to  study  and  document  the  management  techniques  used  to 
allow  their  exploitation  in  other  fields.  These  studies  were  carried 
out  by  schools  or  authorities  in  management  and,  for  the  most  part, 
have  concentrated  on  the  management  decision  making  and  have  treated 
the  technical  aspects  only  incidentally.  For  this  reason,  it  is  felt 
that  there  is  a gap  in  the  literature — that  of  presenting  the  technical 
and  managerial  problems  of  a large  scale  project  from  the  point  of 
view  of  the  engineering  or  technical  staff  level. 

In  an  effort  to  broaden  the  base  of  project  management  studies, 
this  dissertation  (using  the  NASA  Mars  lander  program  as  the  case  in 
point)  will  focus  on  the  technical  aspects — both  definition  and 
execution — with  the  role  of  m*’,«3C"V'''t  viewed  as  (a)  supportive  of  the 
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technical  staff  (b)  expansive  or  constrictive  regarding  technical 
options  and  (c)  directive  toward  technical  approach.  It  is  conceded 
that  the  work  presented  herein  will  tend  to  be  biased  in  favor  of  the 
importance  of  the  technical  staff’s  contribution;  however,  it  is  felt 
that  a description  and  analysis  of  the  entire  systems  operation  from 
the  vantage  point  of  one  intimately  associated  with  the  technical 
details  is  a singular  approach  worthy  of  consideration.  The  objectives 
of  this  dissertation  will  be: 

1.  To  present  the  technical  problems  and  their  solutions  by  the 
technical  staff  in  sufficient  detail  to  demonstrate  the  derivation  of 
the  essential  technological  base  for  mission  definition. 

2.  To  detail  how  the  technological  base  impacts  on  administrative 
decision  making  and,  vice  versa,  how  administrative  decisions  impacts 
on  the  technological  base. 

3.  To  apply  basic  formal  administration  and  engineering  system 
concepts  to  the  technical  staff’s  actions  and  to  the  technical  staff- 
administrative  interactions  so  as  to  form  a conceptual  framework  for 
explanation  and  analysis  of  the  system's  operation. 

The  focus  of  this  study  will  be  the  Langley  Research  Center — its 
technical  and  administrative  staffs.  The  dissertation  will  detail 
Langley  Research  Center’s  efforts  in  support  of  a scientific  investi- 
gation of  Mars;  in  particular,  how  Langley  entered  into  studies  of  the 
problem,  how  Langley  organized  and  carried  out  its  assignments,  and 
its  participative  role  in  defining  a national  project.  It  will  concern 
itself  with  such  topics  ,.s  concept  formulation  and  technical 
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approach;  the  definition  and  solution  of  critical  problem  area?;  team 
organization  and  cohension;  Langley  interfaces  with  other  NASA  Centers, 
Headquarters,  and  industry;  decision  making  at  all  levels;  and  the  evo- 
lution of  an  acceptable  program  through  the  many  perturbations  in  direc- 
tion from  Headquarters  and  Congress. 

This  evolution  of  the  program  and  Langley's  participation  will  be 
tracked  through  its  following  phases: 

The  Saturn  lB/Centaur  "Voyager"  Phase  (I96U-I965) 

During  this  phase,  Langley's  responsibility  was  primarily 
that  of  a consultant  on  the  entry  problem  and  technology 
development.  The  Jet  Propulsion  Laboratory  was  responsible 
for  all  mission  hardware  for  a 1971  launch.  This  modest  mis- 
sion was  terminated  by  NASA  and  replaced  by  the  large  scale... 
The  Saturn  V "Voyager"  Phase  (1966-1967) 

Langley  assumed  responsibility  for  the  entry  system  hardware. 
The  overall  mission  was  to  be  managed  by  NASA  Headquarters. 

The  scheduled  launch  data  of  1971  slipped  to  1973  because  of 
Congressional  funding  priorities  and  later  was  cancelled  by 
Congress  in  its  entirety  for  the  same  reason. 

The  Titan/Centaur  "Viking"  Phase  (1968-1969) 

Langley  assumed  responsibility  for  the  enitre  mission  manage- 
ment and  hardware.  Funding  problems  necessitated  a revision 
in  launch  date  from  1973  to  the  presented  scheduled  1975* 

The  writer  was  continuously  involved  in  Mars  studies  from  their 
inception  at  Langley  in  196U  until  a firm  contract  was  awarded  to 
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Martin  Marietta  in  1969  to  carry  out  the  Mars  landing.  My  roles 
were  such  that  they  afforded  me  a microscopic  view  of  work  and  decisions 
at  the  technical  level  and  a macroscopic  view  of  the  administrative 
decision  making  at  the  highest  NASA  levels.  At  the  time  when  Mars 
studies  were  initiated  at  Langley,  I was  made  responsible  for  systems 
integration  (a  role  which  continued  throughout  the  entire  period) 
which  required  me  to  understand  all  technologies  and  their  interfaces. 
This  role,  incidentally,  made  me  a focal  point  for  the  effort  and 
furnished  me  with  an  overall  view  of  all  the  technologies  and  their 
meshing,  tecnnically  and  administratively.  In  addition  to  this  pro- 
ject responsibility,  I,  as  a first-line  supervisor  in  my  Division 
(Engineering)  was  directly  responsible  for  supervising  the  structural 
design,  subsystem  integration,  and  system  analysis  portions  of  the 
work.  As  a result,  I became  acquainted  with  and  worked  closely  with 
technology  specialists  in  various  disciplines  throughout  NASA  and 
industry. 

Other  roles  assigned  to  me  during  this  period  which  increased  ray 
appreciation  of  the  many  facets  of  the  problems  were: 

(1)  Secretary  of  Langley's  Planetary  Missions  Technology  Steering 
CnwiH  ttee  which  was  responsible  for  making  recommendations  to  top 
Center  management. 

(2)  Member  of  NASA  intercenter  Mariner  Mars  1971  Probe  Working 
Group. 

(3)  Author  of  technical  work  statements  for  industry-wide  contract 
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(U)  Member  of  NASA  evaluation  boards  for  contractor  selection. 

(5)  Technical  Representative  of  the  Contracting  Officer  on  Mars 
studies  - responsible  for  approving  contractor  performance. 

The  dissertation  will  be  divided  into  three  parts:  Narrative, 

Analysis,  and  Appendix.  Part  I,  the  Narrative,  will  have  a straight 
expository,  historical  base  relating  the  key  technological  advances 
and  key  decision  points  within  the  human  technical  staff-administrative 
interactions  so  that  the  reader  can  obtain  a broad  appreciation  of  all 
aspects  of  the  project's  development;  the  narrative  will  be  divided 
into  chapters,  each  describing,  normally,  a year's  effort.  Part  II, 
the  Analysis,  will  analyze  how  the  technical  and  administrative  system 
worked  by  examining  the  systems  and  decisions  within  the  framework  of 
formal  concepts  and  theories.  Part  III,  the  Appendix,  will  contain, 
mainly,  the  documentation  of  the  development  of  the  pervasive 
technology  base. 

Thus,  in  effect,  this  work  will  reflect  an  insiue  view  from  the 
technical  staff  level  of  how  an  approximate  billion  dollar  project 
reached  fruition  through  many  technological  challenges  and  adminis- 
trative course  redirections.  It  is  believed  that  the  presented 
material  represents  a significant  addition  to  the  literature  on 
project  management  in  that  its  approach  is  fundamentally  that  of  the 
Influence  of  the  engineering  input  on  administrative  decision 
making  and  program  definition. 

The  dissertation  is  the  result  of  a cooperative  endeavor  of 
Union  College  and  Langley  Research  Center.  Both  Institutions  have 


given  me  full  encouragement  throughout  the  four  year  period  for  academic 
course  work,  research,  and  dissertation  preparation.  In  particular, 
appreciation  is  owed  to  my  immediate  supervisor  at  Langley  Re seal'  ‘ 
Center,  Mr.  Ken  Bush,  and  to  my  co-advisors  at  Union  College,  Dr.  Gardner 
Ketchum  and  Dr.  Robert  Sharlet;  without  their  unstinting  support  and  all, 
this  dissertation  could  not  have  been  written. 

Finally,  this  dissertation  is  dedicated  with  love  to  my  wife  for 
her  understanding  and  positive  attitude  which  sustained  me  throughout. 
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THE  NARRATIVE 
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CHAPTER  I 


INTRODUCTION— THE  PRE-MARS  YEARS 


jangley  Or 


Before  proceeding  into  the  mainstream  of  the  Mars  studies,  it  is 
essential  to  define  the  "sentiments"^  (ideas,  beliefs,  or  feelings 
about  the  work  and  others  involved  in  it)  of  the  organization  ana  of 
the  people  in  it  because  these  sentiments  influence  the  course  of 
Langley  management  and  its  technical  staff.  To  explain  these  senti- 
ments, it  is  necessary  to  look  at  the  orgenization  in  its  prior  NASA 
days  and  to  trace  its  progress  and  its  driving  forces  until  we  reach 
the  initiation  of  the  Mars  studies. 

In  1915,  Congress  created  a Government  organization  to  be  known 
as  the  National  Advisory  Committee  for  Aeronautics  (NACA)  with  the 
charter  "to  supervise  and  direct  the  scientific  study  of  the  problems 
of  flight,  with  a view  to  their  practical  solution,"  and  also  to 
"direct  and  conduct  research  and  experiments  in  aeronautics."  The  act 
specified  that  NACA  be  governed  by  a committee  appointed  by  the  Presi- 
dent and  that  it  report  directly  to  the  President.  Twenty-eight 
years  later  Dr.  Karl  T.  Compton  of  MIT,  in  a 19** 3 address  to  British 
scientists  described  the  NACA  as  "...  unique  among  our  Federal 
scientific  agencies,  in  that  its  controlling  body  is  a Committee  which 


Lawrence,  Paul  R.  and  Seiler,  John  A.,  Organizational  Behavior 
and  Administration.  (Homewood,  Illinois,  Richard  D.  Iririn,  Inc. 
and  the  Dorsey  Press,  1965)  PP*  15*»-l6l. 
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serves  without  salary  and  has  been  composed  of  men  of  such  high 

character  and  distinction  as  to  render  it  completely  free  from 

2 

political  influence." 

One  of  the  first  decisions  of  the  committee  was  that  e well 
equipped  laboratory  was  essential  to  its  work.  A tract  of  land  near 
Hampton,  Virginia  fronting  on  Back  River,  an  estuary  of  Chesapeake 
Bay,  was  purchased  in  1916  and  the  property  was  named  "Langley  Field." 
An  office  building  and  wind  tunnel  were  constructed  shortly  there- 
after and  formally  opened  in  dedication  exercises  in  June  1920.  This 
was  the  seed  from  ifhich  several  MCA  Centers  originated  in  the  follow- 
ing decades  and  which,  in  turn,  served  as  the  nucleus  for  NASA  in 
1958. 

The  early  years,  prior  to  NACA  expansion  in  preparation  for  the 
oncoming  World  War  II,  were  a period  of  slow  but  steady  growth. 
Facilities  and  a competent  staff  were  gradually  built  up.  Key  men, 
leaders  in  research,  were  carefully  selected  and  put  in  Jobs  where 
their  ability  would  find  its  opportunity.  By  1930,  Langley  was  the 
recognized  leader  in  aeronautical  research  world-wide.  In  1936, 
Langley  had  grown  to  a staff  of  370  with  10  wind  tunnels  and  war 
clouds  wer-  gathering.  The  years  between  1939  and  19^*6  were  years  of 
comparatively  rapid  growth.  From  1939  to  19^1 » two  new  laboratories 

2Gray,  George  W. , Frontiers  of  Flight.  (New  York,  Alfred  A.  Knopf, 
19^8)  p.  11. 
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(Ames  at  Moffet  Field,  California  and  Lewis  at  Cleveland,  Ohio)  <rere 
authorized  and  Langley  was  expanded.  With  the  attack  on  Pearl  Harbor, 
the  United  States'  aeronautical  position  was  in  a crisis  condition; 
daring  proposals  for  the  development  of  military  aircraft  were  being 
made  by  the  Army  and  Navy.  Complex  problems  were  being  referred  to 
NACA  for  solution.  Additional  men  and  facilities  were  required;  a 
large  construction  program  and  a recruitment  program  were  undertaken. 
During  this  period,  NACA  temporarily  put  aside  basic  research  and 
concentrated  on  studies  of  military  aircraft;  at  one  time,  there  were 
78  different  types  of  aircraft  under  investigation.  In  addition,  NACA 
was  requested  to  investigate  guided  missiles  and  Langley  acquired  a 
tract  of  land.  Wallops  Island,  on  the  Atlantic  side  of  the  Virginia 
Eastern  Shore  as  a test  site.  A missii^  .Launch  site  was  constructed 
on  Wallops  Island  and  a new  type  of  research  came  under  Lang’ey’s 
cognizance.  At  the  war's  end,  NACA's  resources  could  be  tabulated  as 
follows : 

(1)  A staff  of  6,8oU,  approximately  50JK  professional,  — 3,253 
at  Langley,  8UU  at  Ames,  2,572  at  Lewis,  and  135  at  the  Washington 
Office. 

(2)  Laboratory  installations  represented  an  outlay  of  $85,000,000 
in  three  centers  as  against  $12,000,000  in  one  center  in  1939. 

It  is  also  worth  noting  that  the  NACA  effort  during  the  war 
years  was  primarily  an  "in-house"  effort;  NACA  sponsored  research, 
mostly  to  universities,  totalled  only  $1,500,000  from  19^0  to  19^6. 
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I returned  to  Langley  from  military  service  in  19^6  after  having 
previously  worked  for  several  months  at  Langley  as  a Civil  Engineer 
during  the  construction  expansion  following  graduation  from  Union 
College  in  19^.  NACA's  table  of  organization  at  this  tine  is  shown 
in  Figure  1-1.  I was  reassigned  to  the  Construction  Engineering 
Section  of  the  Engineering  Services  Division  as  a structural  engineer 
to  assist  in  the  design  and  construction  supervision  of  new  facilities. 
The  section  consisted  of  approximately  50  engineers  and  designers 
divided  into  three  groups — mechanical,  structural,  and  architectural— 
and  was  responsible  for  a construction  budget  of  five  to  ten  million 
dollars  per  year;  again,  all  design  work  was  done  in-house  as  were 
the  contracting  and  construction  inspection. 

The  management  philosophy  at  that  time  is  worthy'  of  examination. 
The  center  was,  for  all  practical  purposes,  an  independent  operating 
entity  controlled  by  first  generation  aeronautical  researchers  with 
the  individual  researcher  furnishing  the  basic  input  into  the  programs 
which  Langley  would  carry  out.  Promotions  were  slow,  salaries  were 
low,  and  emphasis  was  placed  on  worthwhile  research.  Facilities 
were  excellent  and  constantly  upgraded.  Status  within  the  profession 
was  high.  Challenges  were  great— frontiers  in  transonic  and  super- 
sonic flight  were  under  investigation.  As  mentioned  previously, 

NACA  was  an  independent  agency  reporting  to  the  executive  branch. 

Its  yearly  budget  was  in  the  order  of  $200,000,000  and  usually  parsed 
Congress  without  controversy— presumably  because  the  budget  was  not 
sufficiently  large  to  attract  undue  attention  and  because  the 
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Figure  I-l. — Langley  organization  in  191»6. 
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reputation  of  the  agency  was  good.  The  Washington  office  was  small 
and  served  the  centers  rather  than  vice  versa.  The  funds  were  funnelled 
to  the  centers  and  utilized  where  the  centers  themselves  deemed 
appropriate.  The  younger  engineers,  recruited  into  the  center  during 
the  war  years,  were  socialized  into  the  system  by  the  senior  engineers 
and,  in  the  most  part,  remained  loyal  to,  and  did  not  question,  the 
system.  The  engineer  who  did  not  fit  the  system  quickly  left  on  his 
own  accord  (turnover  vas  extremely  small).  All  in  all,  it  was  an 
efficient,  paternal  organization,  somewhat  renote  and  " 1 vo ry- tower ish," 
manned  by  tve  distinct  groups — the  few  senior  engineers  from  the 
1920's  and  early  1930's  and  the  many  young  engineers  hired  in  the  late 
1930's  and  early  19^0' s. 

From  the  end  of  World  War  to  "Sputnik"  in  1957,  NACA  operated  in  a 
near  "status  quo"  mode  as  outlined  above.  Promising  engineering 
graduates  were  hired  annually  to  replace  engineers  leaving  the  agency 
so  that  by  1957  a few  of  the  engineers  hired  during  the  1939-191*6 
expansion  period  had  moved  into  positions  of  middle  management  although 
their  primary  responsibility  remained  technical  rather  than  adminis- 
trative; administrative  work  remained  minimal  and  the  center  operated 
more  or  less  on  its  own  policies.  There  were  minor  organization 
changes  in  this  period  and  the  Pilotless  Aircraft  Research  Division, 
charged  with  research  responsibility  on  guided  missiles,  increased 
somewhat  in  size  and  importance  relative  to  the  rest  of  the  organiza- 
tion. 

The  flight  of  Sputnik  might  have  chocked  the  United  States  but 
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its  effect  or  NACA  could  only  h“  <»  -ied  revolutionary.  Funds  poured 
into  NACA  tc  push  spc.ce  science- ' eld  in  vhic  1 only  a tiny  minority 
were  working.  Young  engineers  cl  . ned  funds  to  develop  launch 
vehicles  and  spacecraft  for  u ' : ues  of  space  study — atmospheric 

- hy ~ i c s , thermal  heating.  cations,  etc  The  organizational 

systep.  tv  t‘'6  we^  > . . cr  staff  remained  in  control;  it 

co-opted  the  new  aisci*.  lire  and  gave  the  younger  engineers  the  freedom 
to  investigate  the  nev  V.chnolcgy  including  studies  of  how  to  put  a 
man  in  orbit-  On  July  29»  1958*  President  Eisenhower  signed  the 
National  Aeronautics  and  Space  Administration  Act  and  on  October  1, 
1958,  the  National  Aeronautics  and  Space  Administration  was  formed 
with  NACA  as  the  nucleus 

President  Eisenhower  approved  "Project  Mercury"  which  committed 
NASA  to  put  a man  in  earth  orbit.  The  Langley  group  working  on  the 
project  was  separated  administratively  from  Langley  and  given  the  name 
of  Space  Task  Group  (STG)  with  Dr.  Gilruth  as  head.  Astronauts  were 
selected  and  assigned  to  STG.  STG,  with  mission  responsibility, 
expanded  and  Langley  took  over  the  Job  of  developing  the  technology 
to  support  the  mission.  Many  of  the  ambitious  and  adventuresome 
aeronautical  engineers  transferred  from  Langley  to  STG  during  this 
period.  As  Project  Mercury  was  too  large  for  STG  to  handle  by  itself, 
many  elements  vere  "subcontracted"  to  various  NASA  Centers.  For 
example,  the  building  of  the  worldvide  communications  network  was 
delegated  to  Langley.  It  was  at  this  time  that  I was  introduced  to 
the  Aerospace  world.  I was  made  project  engineer  for  constructing 
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sites  at  Bermuda  and  in  the  Canary  Islands.  Another  group  ol  Langley 
facility  design  engineers  were  pressed  into  service  of  conducting 
ground  and  flight  tests  of  preliminary  Mercury  hardware.  In  this 
manner,  the  Engineering  Services  Division  in  which  I worked  was  split 
about  in  half — half  supporting  flight  projects  and  half  working  on 
ground  facility  design. 

This  arrangement  continued  throughout  the  years  1958  to  196l — 
the  carrying  cut  of  Project  Mercury,  the  development  work  on  Project 
Gemini,  and  the  commitment  in  1961  for  Project  Apollo  at  which  time 
STG  became  the  Manned  Spacecraft  Center  ^MSCj  with  permanent  facilities 
in  Houston,  Texas.  As  MSC  built  up  in  1962  and  1963,  there  was  less 
need  for  "subcontracting”  to  other  Centers  so  that  while  Langley  was 
still  heavily  involved  in  developing  Apollo  technology,  personnel 
were  being  "freed-up”  to  work  on  research  problems  in  much  the  same 
manner,  and  under  the  same  management,  as  in  pre-NASA  days.  A major 
change,  however,  had  occurred  in  the  type  of  research  problem  to  be 
Investigated.  Space  research  had  become  an  equal  partner  with 
aeronautical  research;  this  was  recognized  even  at  the  engineering 
level  where  the  Engineering  Services  Division  was  reorganized  into 
two  divisions — the  Flight  Vehicles  and  Systems  Division — FVSD — (for 
space  projects)  and  the  Research  Models  and  Facilities  Division  (for 
ground-based  projects). 

The  ’’sentiments1’  at  L&ngley  i*;  19&*  at  the  initiation  of  Mars 


studies  could  then  be  suirmarized  as: 
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(1)  Top  management  was  research  oriented,  conservative,  and 
protective  of  their  independence  from  Washington  Headquarters. 

(2)  Middle  management  had  much  the  same  sentiments  and  was  research 
task  discipline  oriented.  A sprinkling  of  middle  managers,  however, 
had  enjoyed  the  challenge  and  experiences  associated  with  working  with 
contractors  cn  large  aerospace  projects  and  were  interested  in 
broader  systems  problems. 

(3)  The  engineers  themselves  were  a more  sophisticated  group 
than  ten  years  previously,  and  the  availability  of  funds  for  space 
research  furnished  the  engineers  with  fluidity  to  transfer  within 
Langley,  with  more  freedom  in  Job  selection  and  execution,  and  with 
more  opportunity  to  display  their  talents. 

A table  of  organization  for  LRC  at  this  period  of  time  is  given 
in  Figure  1-2.  In  general,  the  organization  was  designed  to  work  in 
the  following  manner: 

(1)  Ground  research  carried  out  within  the  line  Research  Divi- 
sions (Groups  1-3)  with  aid  of  the  Research  Models  and  Facility 
Division  to  design  research  apparatus  and  of  the  shops  in  the 
Mechanical  Service  Division  to  build  same.  Output  would  be  a 
Technical  Note  publishing  the  research  results  with  vide  circulation 
in  the  field  of  the  particular  discipline. 

(2)  Space  research  usually  implied  an  actual  flight  test.  In 
this  case,  the  individual  researcher  requiring  a flight  test  would, 
through  his  Division,  obtain  the  services  of  a Research  Program 
Manager  from  the  Applied  Materials  and  Physics  Division  under  the 


Figure  1-2. - Langley  organization  in  196?. 
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Office  for  Flight  Projects.  This  manager  would  interface  with  and 
coordinate  the  researcher,  Washington  Headquarters  (for  funding),  and 
the  Office  of  Engineering  and  Technical  Services  (OETS).  OETS, 
through  a technical  project  engineer  (TPE)  in  FVSD  and  the  line 
organizations,  would  be  responsible  for  carrying  out  the  technical 
aspects  of  the  project.  The  duties  of  a TPE  are  outlined  in  a 
memorandum  from  the  Deputy  Chief  (OETS)  which  is  included  as  Appendix 
I-A. 

(3)  Large  flight  projec'  , approximately  ten  million  dollars  or 
more,  were  managed  out  of  a special  project  office  set  up  for  that 
particular  purpose.  The  line  organ! zetions  (such  as  FVSD)  would 
assign  men  to  the  project  for  the  length  of  the  project.  One  such 
project  was  the  Lunar  Orbiter  Project  which  was  assigned  the 
responsibility  of  a precursor  mission  to  Project  Apollo  for  photo- 
graphic mapping  of  the  moon  and  determining  the  landing  sites. 
Approximately  100  engineers  were  assigned  to  this  project  office. 


Individual  Researcher  - Langley  Management  - Headquarters  Operation 


As  indicated  previously,  the  Langley  management  philosophy  at  the 
beginning  of  the  Mars  studies  was  primarily  one  of  "bottom  up" 
generation  of  research  programs  with  maximum  independence  of  the 
individual  researcher.  By  "bottom  up"  it  is  meant  that  the  ideas 
or  programs  are  conceited  at  the  technical  level  and  are  transmitted 
to  the  Langley  management  for  implementing  approval  — funds, 
manpower,  etc.  An  overall  systems  concept  of  this  procedure  is 
indicated  on  figure  1-3.  For  the  vast  majority  of  Langley  programs, 
the  Washington  Headquarters  loop  is  not  activated.  If  the  researcher's 
request  is  well  defined  to  be  within  Langley's  charter,  the  line 
organization  reviews  the  request  and  evaluates  its  worthiness.  If 
supported,  the  researcher  performs  his  work,  has  it  reviewed  by  the 
line  organization  and/or  special  technical  committees,  and  outputs 
his  product  whether  it  be  a technical  data  report  or  a piece  of 
hardware . 

The  Washington  Headquarters  loop  is  activated  (by  Headquarters 
directives  to  the  Center)  if  (l)  the  dollar  value  of  a particular 
planned  contract  is  over  one  mill  •'on  dollars  or  (2)  the  program  is 
one  that  would  impact  overall  NASA  planning  (such  as  any  interplane- 
tary study).  In  these  cases,  Headquarters  must  approve  the  planned 
program  before  the  Center  cm  proceed.  In  isolated  cases,  Washington 
Headquarters  could  initiate  programs  by  furnishing  the  original 
input  to  the  Center.  Two  such  programs  were  the  Lunar  Orbiter  and 
the  development  of  the  worldwide  communications  network  for  Project 
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Figure  1-3. — Normal  Langley  operating  mode. 
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Mercury;  in  both  instances,  the  original  responsible  Center  was  unavVj 
to  carry  out  the  programs  because  of  a commitment  overload.  The 
systems  mode  is  this  instance  is  illustrated  in  figure  I-U.  Briefly, 
this  mode  consists  of  a negotiating  cycle  between  Headquarters  and 
LRC  management  to  obcain  agreement  or  contract  as  to  end  item  arid 
resources.  At  which  time,. the  responsibility  is  given  to  a project 
office  reporting  directly  to  top  LRC  management  to  carry  out  the 
program.  Mr.  Erasmus  H.  Kloman,  Senior  Research  Associate,  National 
Academy  of  Public  Administration  who  researched  the  management  methods 
on  Lunar  Orbiter  says  in  thi.  regard  "Senior  management  at  NASA 
Headquarters  debated  at  length  whether  an  agency  center  rather  than 
JPL  should  be  assigned  responsible  y for  management  of  a lunar  pro- 
ject* and  the  development  of  the  specialized  competence  required. 
Recognizing  that  some  duplication  might  be  necessary  and  desirable. 
Headquarters  authorized  Langley  Hesearch  Center  to  investigate  the 
feasibility  of  its  undertaking  a possible  assignment  from  NASA  cf  a 
major  flight  project  of  the  scope  of  Lunar  Orbiter.  Langley  manage- 
ment deliberated  carefully  and  concluded  that  it  would  be  able  to 
handle  such  a mission.  The  Center  was  very  receptive  to  the 
challenge  of  its  first  spaceflight  project.  The  positive  attitude 
and  enthusiasm  of  top  management  were  contagious  and  infected  the 
Lunar  Orbiter  project  staffs.  Some  of  Langley's  top  talents  sought 
assignment  on  the  project,  considering  it  a career  plus.  The  Lunar 
Orbiter  at  both  Langley  and  the  Boeing  Co.  [the  contractor]  were 
tightly  knit  cohejive  units.  They  [Langley]  accepted  the  assignment 
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Figure  I-1*.— Lunar  Orbiter /Mercury  Network  operating  mode. 
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with  full  commitment  and  a determination  to  make  it  succeed.  The 
Langley  management  placed  great  store  in  its  reputation  for  fulfilling 
every  mission  it  set  out  to  accomplish.  In  reporting  to  Washington 
Headquarters,  Langley  made  no  effort  to  hold  back  information  concern- 
ing problems  that  arose.  Washington  headquarters  reciprocated  with 
full  cooperation  and  support.  For  all  of  these  reasons,  the 
institutional  environment  surrounding  Lunar  Orbiter  was  favorable  to 
teamwork."^  Much  the  same  is  appropriate  relative  to  the  Mercury 
network;  the  quote  above  is  included  to  demonstrate  the  operation  of 
the  systems  mode  of  figure  1-1*. 

To  illustrate  further  the  operation  of  the  individual  researcher  - 
Langley  management  - NASA  headquarters  system  mode  in  figure  1-3  in 
programs  of  large  national  impact  ( similar  to  the  Mars  landing 
program),  Langley's  role  in  Project  Mercury  and  Project  Apollo  will 
be  examined. 

Immediately  after  the  Soviet  Union  orbited  Sputnik,  a Langley 
researcher,  Max  Faget,  initiated  studies  in  his  work  unit  or.  the  prob- 
lem of  orbiting  a man  in  space  — this  was  premature  even  to  the 
United  States  concentrating  on  orbiting  a "ball"  in  apace.  Since  his 
work  vas  engaged  in  rocket  performance  and  propulsion,  no  extra- 
ordinary procedural  changes  were  necessary  to  allov  him  to  research 
the  problem;  no  large  contractual  funds  were  required  as  the  work 

^NASA  SP-1*901,  Unmanned  Space  Project  Management.  Surveyor  and 
Lunar  Orbiter,  Kloman,  p.  11,  19. 
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was  carried  quietly  in-house.  Further,  this  was  prior  to  the 
establishment  of  the  NASA  and  the  NACA  centers  operated  as  nearly 
independent  entities,  ifter  the  establishment  of  the  NASA  and  the 
national  approval  of  Project  Mercury  (Faget's  Concept),  Faget's  work 
unit  formed  the  nucleus  of  the  Manned  Spacecraft  Center  and  Faget's 
LRC  Division  Chief,  Dr.  Gilruth,  was  named  Director  of  MSC  which 
carried  out  Projects  Mercury,  Gemini,  and  Apollo. 

After  Apollo  was  approved  as  a national  program,  committees 
formed  from  individuals  from  the  various  NASA  centers  debated  at 
length  over  the  best  method  to  carry  out  the  lunar  landing.  Marshall 
Space  Flight  Center,  through  Director  Van  Praun,  and  Manned 
Spacecraft  Center,  through  Director  Gilruth  and  Mr.  Faget,  took 
official  positions  while  Langley  took  no  official  position  but  allowed 
an  individual  researcher.  Dr.  John  Houbolt,  to  attend  the  committee 
meetings  and  present  his  concept  as  an  individual.  MSFC  favored  an 
Earth  Orbit  Rendezvous  (EOR)  wherein  two  Saturn  rockets,  one  carrying 
extra  fuel  and  the  other  carrying  the  spacecraft  would  be  launched 
into  Earth  orbit  where  they  would  rendezvous  and,  with  the  extra  fuel, 
the  spacecraft  would  be  launched  to  the  moon.  MSC  favored  a direct 
ascent  method  from  Earth  which  would  require  the  development  of  a 
monster  rocket.  Houbolt 's  concept  was  the  Lunar  Orbit  Rendezvous 
where  the  spacecraft  would  be  launched  to  moon  orbit  by  a Saturn  and 
a smaller  craft  (the  LEM ) would  ferry  between  the  moon's  surface  and 
the  spacecraft.  Houbolt' s concept  was  ridiculed  in  these  committee 
meetings  but  he  kept  *rying  and  pushing  his  approach.  When  NASA 
administrator  James  Webb  announced  that  EOR  appeared  the  best  method 
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and  direct  ascent  the  second  best  (not  even  mentioning  LOR);  Houbolt 
despaired  of  committee  action  and,  bypassing  the  •'ommittees,  appealed 
directly  to  NASA  Associate  Administrator  Robert  Seamans.  In  his  letter 
requesting  serious  consideration  of  his  concept,  he  stated,  "Somewhat 
as  a voice  in  the  wilderness,  I have  been  appalled  at  the  thinking  of 
individuals  and  committees  — Give  us  the  go-ahead  and  we  will  put  men 
on  the  moon  in  very  short  order  — and  we  don't  need  any  Houston 
empire  to  do  it."*4  Seamans  requested  a review  from  his  deputies  who 
reported  favorably.  In  time,  both  Faget  and  Von  Braun  swung  behind 
the  LOR  concept  which  became  the  mission  mode  fo*-  Project  Apollo. 
Houbolt  was  later  awarded  NASA's  Kxceptional  Scientific  Achievement 
Award  for  "his  foresight  and  perserverance"  in  advocating  the  LOR. 

In  this  section,  I have  shown  the  persistence  of  the  Langley 
management  operational  mode  or  system  to  adapt  when  acted  upon  by 
either  endogenous  inputs  (normal  research,  concepts  for  orbiting  a 
man  in  space  and  for  the  Apollo  missior  mode)  or  exogenous  inputs 
(Mercury  tracking  station  or  Lunar  Orbiter). 


**Life,  "How  an  Idea  Nobody  Wanted  Grew  up  to  be  the  L£M,"  Vol. 
66,  No.  10,  March  lU,  1969. 
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Langley  in  1964 

Langley  Research  Center  had  at  this  time  approximately  1*000 
employees  operating  in  the  following  manner.  The  Director,  Associate 
Director,  Assistant  Directors,  and  their  3taffs  occupied  Headquarters 
Building,  Bldg.  1219,  a two  story  brick  office  building;  the  power 
center  was  commonly  known  as  the  "second  floor  of  1219* " The  Center 
itself  vas  spread  over  an  "East  Area"  end  a "West  Area"  divided  by 
Langley  Air  Force  Base  runways.  Its  physical  appearance  is  not  unlike 
an  Ivy  League  college  campus — well  kept  lawns  with  various  buildings 
well  separated  from  each  other.  In  general,  each  Division  would  be 
housed  in  its  own  building(s)  and  would  consist  of  100-200  employees. 
The  Division  Chief,  a respected  researcher  in  his  field,  would  be 
responsible  for  the  operation  of  his  Division  and  was  extremely 
powerful  in  determining  many  aspects  of  working  conditions — type  work, 
assignments  of  personnel,  promotions,  and  management  philosophy. 

The  Divisions  were  further  organized  into  Branches  and  Sections  to 
facilitate  the  division  of  work.  As  "1219"  generally  followed  the 
recommendations  from  the  Division  Chiefs,  the  Division  Chief  position 
was  one  of  strength  representing  a respected  authority  and  his  staff. 

The  individual  researcher  usually  looked  to  his  Division  Chief 
for  support  of  his  programs  and  fcr  hie  own  advancement.  As  the 
individual  researcher  and  his  Division  Chief  shared  a mutual  aim  of 
the  advancement  of  science  and  that  the  work  was  on  the  frontiers  of 
knowledge,  the  line  between  ordinary  science  and  extraordinary 
science  was  not  a discernible  one.  In  fact,  the  emphasis  vas  on  the 
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development  of  new  breakthroughs  such  as  John  Stack's  (a  national 
aeronautical  authority)  concept  of  slotted  throat  in  a wind  tunnel 
test  section  that  proved  planes  could  fly  "faster  than  sound."  Thus, 
the  individual  researcher  was  given  to  pursuing  the  truth  regardless 
of  past  experience  or  "established"  methods. 

The  engineering  portion  of  the  organization  operated  somewhat 
differently  although  again  the  Division  Chief  representeu  the  focal 
point  of  its  strength.  The  "job"  of  the  individual  engineer  was  to 
support  research — in  the  eyes  of  some  researchers,  engineering  was  a 
secondary  function.  Although  net  working  primarily  to  advance 
science,  the  engineer  required  innovative  thinking  and  ingenuity  to 
transfer  the  researcher's  advanced  concepts  into  hardware.  In 
addition,  the  engineer,  through  construction  and  space  projects, 
represented  the  Center's  capability  in  the  integration  of  disciplines 
and  experience  in  managing  contractors.  Thus,  the  Division  Chief  had 
credentials  for  advising  the  Center  Director  on  project  policies  as 
veil  as  on  the  importance  of  the  engineering  functions.  By  use  of 
the  technical  project  engineer  concept,  the  Division  Chief  had  the 
capability  of  assigning  an  experienced  chief  engineer  to  any  multi- 
disciplined  program  to  work  on  a near  co-equal  basis  vith  the  lead 
researcher.  Whi'  w-  the  engineer  lacked  some  of  the  freedom  of  the 
researcher  to  define  his  ovn  programs,  he  still  could,  in  some 
degiec,  follow  his  inclinations  as  to  whether  to  be  a specialist  in 
a specific  area  (i.e.  structures)  or  to  be  a coordinator  (technical 
project  engineer). 
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Headquarters  Organization  in  196L 

NASA  Headquarters  is  located  in  a rew  multi-tiered,  modern 
office  building  in  Washington,  D.  C.  The  complement  of  about  1500 
personnel  is  organized  as  shown  in  fig.  1-5*  Reporting  to  the 
Administrator’s  office  are  three  main  technical  offices — the  Office  cf 
Manned  Space  Flight  (OMSF),  the  0; "ice  of  Space  Science  and 
Applications  (OSSA},  and  Office  of  Advanced  Research  and  Technology 
(OART).  OMSF  is  responsible  for  all  manned  flights  (Mercury,  Apollo, 
Shuttle,  etc.)  and  has  three  dedicated  Centers  supporting  its 
programs — the  Marshall  Space  Flight  Center  (MSFC)  at  Huntsville, 

Alabama;  the  Manned  Spacecraft  Center  (MSC ) at  Houston,  Texas;  and  the 
Kennedy  Space  Center  (KSC)  at  Cape  Canerva] , Florida.  OSSA  is 
dedicated  to  unmanned  scientific  space  flights  and  has  line  responsibil- 
ity over  the  Goddard  Space  Flight  Center  (GSFC)  at  Greenbelt,  Maryland; 
the  contractor  operated  Je-  Propulsion  Laboratory  (JPL)  at  Pasadena, 
California;  and  the  Wallops  Station  launch  site  in  Virginia.  OART 
is  responsible  for  currying  out  advanced  research  programs  through  its 
four  supporting  Centers — Ames  Research  Center  (ARC)  at  Moffett  Field, 
California;  Flight  Research  Center  (FRC)  at  Edwards,  California; 

Langley  Research  Center  (LRC)  at  Hampton,  Virginia;  and  Levis 
Research  Center  (LeRC)  at  Cleveland,  Ohio. 

While  the  charter  dividing  responsibilitier  appears  sufficiently 
clear,  it  must  be  noted  that  OART  supports  OSSA  and  OSMF  programs  by 
developing  the  needed  technology  and  this  has  funding  implications 


7igure  I. 5.— NASA  organization  chart. 
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on  each  Office's  funding  and,  thus,  the  Centers'  operations.  Further, 
OART  (Langley)  has  taken  over  an  entire  OSSA  project  (Lunar  Orbiter) 
which  supports  Apollo  (OSMF).  Thus,  program  responsibility  among 
offices  and  Centers  are  often  obtained  after  lengthy  negotiations  among 
officials  occupying  powerful  positions  (Center  Directors  and  Office 
Administrators).  In  addition,  there  is  likely  to  be  competition  among 
the  Centers  for  "lead"  Center  responsibility  if  a proposed  program 
is  compatible  with  the  Center's  activities. 

The  Administrator  is,  of  course,  appointed  by  the  President. 

The  heads  of  the  various  offices  are  drawn  by  the  Administrator 
from  various  sources — NASA,  industry,  or  the  academia;  they  are  liable 
to  be  leading  scientists,  researchers,  college  presidents,  or 
industrial  managers.  In  brief,  the  socialization  of  Headquarters 
into  a common  mold  is  much  less  than  for  a Center  like  Langley. 
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Human  Factors 

The  course  of  any  program  is,  to  a large  extent,  dependent  on  the 
people  involved — their  personal  characteristics,  expertise,  experience, 
and  work  methods.  Sketches  of  some  of  the  key  people  in  the  Mars 
program  are  given  below  to  furnish  additional  insight  for  understanding 
the  narrative  material  (descriptions  given  are  those  existing  at 
initiation  of  Langley's  Mars  studies): 

Langley: 

Dr.  Floyd  Thompson  - Director 

A thin,  distinguished  six  footer  in  his  mid  sixties.  Grey  haired 
with  a trimmed  mustache.  Low  key,  relaxed.  Formerly,  Chief  of 
Research  at  Langley.  Forty  years  with  NACA/NASA.  Folklore — runs 
Center  quietly  and  efficiently  from  inputs  received  informally 
at  his  table  in  the  Cafeteria  and  in  corridor  encounters  in  1219. 
Charles  Donlan  - Deputy  Director 

A cigar  smoker,  short  and  aggressive,  about  fifty.  A NACA 
researcher  up  through  the  ranks.  A believer  that  expertise 
resides  at  the  Centers  and  not  at  Headquarters.  Blunt, 
ambitious,  and  responsible. 

Dr.  Leonard  Roberts — Branch  Head,  Dynamic  Loads  Division 

Born  and  educated  in  England.  PhD.  in  Mathematics.  Came  to 
Langley  from  M.I.T.  Short,  early  thirties,  personable,  outgoing. 
Interested  in  applied  research.  Concise,  excellent  speaker. 
Ambitious,  political. 
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Edwin  Kilgore — Chief,  Flight  Vehicles  and  Systems  Division 

Champion  tennis  player,  early  forties,  wiry.  Excellent  engineer. 
NACA/NASA  career.  Flair  for  management  and  instilling  loyalty. 
Switched  to  aerospace  at  first  opportunity.  Ambitious,  personable, 
political. 

Roger  Anderson — Assistant  Chief,  Structures  Research  Division 

Tali,  ex-athlete,  early  forties.  NACA/NASA  career.  Recognized 
as  a leader  of  structures  research.  Interested  in  applications 
and  new  concepts.  Heads  committees,  ambitious,  political. 

James  Martin — Assistant  Head,  Viking  Project  Office 

Large  men,  mid  forties.  New  hire  from  Republic.  Management 
oriented.  Aggressive,  capable,  hard  working.  Direct  and 
convincing.  Totally  dedicated  to  project  success.  Interested 
in  results. 

David  Stone — Head,  Project  Fire  Office 

A career  researcher  with  NACA/NASA.  Believer  in  the  "Langley 
system."  Capable  supervisor,  considerate  of  his  men. 

Independent,  technically  competent,  blunt — not  a worrier. 

Mid  forties. 

Washington  Headquarters : 

Edgar  Cortright — Deputy  Director,  OSSA 

Brilliant,  distinguished  man  in  early  forties  interested  in  the 
nation's  problems.  Convincing  speaker  for  NASA  and  technology 
to  the  public  and  Congressional  committees.  Dedicated  to  public 
service.  Hard  working,  ambitious,  political.  From  NACA/Levis 
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to  NASA  Headquarters.  Technically  distinguished. 

JPL: 

Dr.  William  Pickering — Director 

A distinguished  scientist,  authority  in  space  science.  In 
early  fifties,  quiet,  low  key.  Good  speaker,  academically 
inclined.  Relies  on  staff  for  engineering  of  space  projects. 
Administrator. 
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Langley's  Administrative  Mode 

As  can  be  deduced  from  the  foregoing.  Dr.  Thompson's  administration 
was  characterised  by  full  support  to  his  staff.  Very  little  direction 
was  given  by  1219  on  research  matters;  Dr.  Thompson  and  Mr.  Donlan 
concentrated  on  those  problems  requiring  interfacing  with  Headquarters. 
Primary  consideration  was  given  to  Langley  and  not  NASA  with  the  firm 
conviction  that  there  was  no  conflict;  i.e.,  what's  good  for  Langley 
is  good  for  NASA. 

An  example  of  how  Dr.  Thompson  entered  into  a space  project 
(Lunar  Orbiter)  problem  is  indicative  of  his  philosophy.  This  story 
again  may  be  folklore  but  it  rings  true  to  those  familiar  with  his 
management  techniques.  Apprised  th&t  Lunar  Orbiter  was  having  a 
slight  overrun  in  costs,  he  telephoned  an  executive  at  Boeing  and 
expressed  his  concer:.  The  executive  immediately  offered  to  come  to 
Langley  and  discuss  the  matter.  Boeing  gathered  all  the  cost  data 
and  prepared  a presentation.  The  executive  and  his  staff  arrived  at 
Langley  and  were  greeted  by  Dr.  Thompson  who  took  them  on  an  extended 
tour  of  Langley  while  Dr.  Thompson  pointed  out  the  various  facilities 
and  described  the  on-going  research  work.  At  lunch.  Dr.  Thompson 
remarked  to  the  effect  that  he  was  an  old  man  trying  to  run  Langley 
ard  that  he  would  appreciate  anything  Boeing  could  do  to  hold  down 
costs  on  Lunar  Orbiter.  Word  has  it  that  the  Boeing  people  left 
immediately  after  lunch — no  presentation  or  opening  of  brief  cases-- 
with  the  conviction  that  they  had  to  help  "that  fine  old  gentleman." 
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CHAPTER  II 

THE  BEGINNING  - 1964 
Summary 

The  first  year  of  Langley's  participation  in  Mars  studies  was  an 
active  year  with  emphasis  on  a small  group's  efforts  to  obtain  a 
technology  base.  A five  man  multi-disciplined  group  undertook,  more 
or  less  on  its  own  initiative,  to  examine  the  aerodynamic  and 
structural  problems  associated  with  vehicles  entering  the  Mars 
atmosphere.  In  order  to  define  the  problems,  the  group  found  it 
necessary  to  set  up  a "straw  man"  concept.  Because  this  concept 
appeared  to  have  mission  application,  NASA  management  approved  a 
contractual  effort  to  study  the  concept  in  depth.  The  same  group 
then  dedicated  its  efforts  to  the  preparation  of  the  necessary  pro- 
curement documents  defining  the  individual  tasks  and  overall  scope 
of  the  contract. 
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Initiation  of  Studies 

Early  in  196^,  Dr*  Leonard  Roberts,  a Branch  Head  in  the  Dynamic 
Loads  Division  (DLD),  became  interested  in  the  technology  problems 
associated  with  a vehicle  entering  the  Martian  environment.  Langley 
Research  Center,  by  virtue  of  its  extended  research  in  the  behavior 
of  bodies  in  the  Earth1 s atmosphere,  was  recognized  as  the  lead  NASA 
center  in  entry  vehicle  design  considering  both  aerodynamic  and  heat 
loads.  At  Dr.  Roberts'  request,  an  informal  group  of  high-level 
center  scientific  personnel  was  formed;  this  group  consisted  of: 

Dr.  Leonard  Roberts  - DLD 

Mr.  William  Mace  - Flight  Instrumentation  Division  (FID) 

Mr.  Roger  Anderson  - Structures  Research  Division  (SRD) 

Mr.  Edwin  Kilgore  - OETS 

Mr.  Kilgore  assigned  ne  the  engineering  task  of  assisting  these 
researchers  by  acting  as  a systems  coordinator  and  performing  the 
duties  of  the  technical  project  engineer.  This  assignment  was,  for 
practical  purposes,  my  introduction  to  Aerospace  Technology  and  I 
was  to  be  supervised  by  my  Branch  Head,  Mr.  C.  T.  Brown.  It  should 
be  noted  at  this  point  that  although  not  a large  commitment  was  made 
by  Langley  management  at  this  time,  the  action  to  allow  the  researchers 
to  embark  into  a new  technology  was  consistent  with  management^  past 
actions  with  respect  to  Faget  and  Houbolt. 

The  first  meetings  of  the  group  (Roberts,  Mace,  Anderson, 

McNulty  and  Brown)  were  directed  to  the  question  of  how  best  could 
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Langley  contribute  its  talents  to  the  investigation  of  Mars.  It  was 
felt  by  all  members  that  the  investigation  of  the  planets  and  Mars, 
in  particular,  would  be  a major  NASA  role  after  Apollo.  Thus,  it  was 
necessary  for  Langley  to  become  cognizant  of  this  area  of  study  in 
order  to  guide  the  necessary  research  in  the  ensuing  years.  The 
group  was  starting  from  near  zero  in  knowledge  pertaining  to  Mars 
and  interplanetary  missions.  Since  Langley's  entree  into  this  field 
was  its  expertise  in  entry  aerodynamics,  it  was  decided  to  concentrate 
on  a baseline  entry  vehicle  and  payload;  the  question  of  how  to 
deliver  it  to  Mars  was  considered  second  order  at  this  time  and, 
besides,  this  could  well  be  some  other  Center's  responsibility. 
However,  by  emphasizing  a baseline  entry  system,  the  Roberts  team  was 
taking  the  first  step  into  mission  studies  and  away  from  research 
investigations  in  specific  disciplines.  The  members  were  asked  to 
initiate  work  in  their  respective  divisions  under  the  following  broad 
responsibilities : 

Roberts  - Science  and  management 

Anderson  - Structures  and  thermal  protection 

Mace  - Electronics 

McNulty  - Systems  and  mission  analysis 

As  the  group  was  small,  the  problems  large,  and  all  members 
approximately  equals  in  responsibility,  there  vas  no  need  or  time 
for  formal  memoranda  and  documentation.  Telephone  calls,  bull 
sessions,  and  cryptic  notes  were  the  recognized  means  of  communicating 
and  exchanging  thoughts  and  information. 
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Within  a few  weeks , the  following  basic  data  had  been  gleaned  from 
many  sources  in  the  technical  literature  as  well  as  from  telephone 
calls  to  contacts  in  other  centers  and  in  industry: 

1.  Mars'  period  around  the  sun  is  approximately  twice  that  of 
Earth's;  thus,  launch  windows  occur  every  two  years  which  allow  for 
feasible  communication  paths  of  approximately  160  x 10^  KM  or  less. 
Mars'  diameter  is  U210  miles.  Mars'  gravity  if  12.3  feet/sec  . Mars' 
pressure  at  surface  is  estimated  to  be  very  thin  (10  to  1*0  mb; 

1000  mb  * 1 Earth's  atmosphere). 

2.  Jet  propulsion  Laboratory  (JPL)  was  the  implementing  arm  for 
NASA  interplanetary  unmanned  scientific  projects.  JPL  is  a research 
and  development  laboratory  of  the  California  Institute  of  Technology 
and  had  been  affiliated  with  NASA  since  1959,  unlike  NASA  field 
Centers,  JPL  was  under  contract  to  NASA. 

3.  JPL  had  carried  out  a successful  Mariner  Mars  flyby  mission. 
JPL  had  demonstrated  capability  in  electronics  and  interplanetary 
mission  analysis . 

U.  Atlas  Agena  launch  vehicle  can  deliver  about  800  pounds 
payload  to  Mars,  Thor-Delta  about  kOO  pounds  (actual  payload  weight 
dependant  upon  launch  year). 

5.  JPL  was  planning  to  let  a study  contract  in  the  near  future 
for  Advanced  Mariner  Missions  involving  a landed  package  on  Mars. 
Atlas-Centaur  was  to  be  the  launch  vehicle  and  could  inject  about 
1$00  pounds  into  a Mars  trajectory. 
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6.  Ames  and  Goddard  Centers  had  study  efforts  underway  concern- 
ing probes  in  the  Martian  atmosphere  to  obtain  scientific  data 
regarding  the  atmosphere.  The  probes  would  be  small  in  nature  and 
rely  on  statistically  reconstructing  the  atmosphere  from  indirect 
measurements. 

7.  Headquarters  was  looking  to  the  future  beyond  Mariner-type 
missions  to  a large  interplanetary  program  for  the  planets.  Study 
contracts  for  Voyager  (1969-1975)  had  been  awarded  to  AVCO  Corporation 
and  General  Electric  Company  to  consider  payloads  in  the  range  of 
6000-7000  pounds  (Saturn  V Launch  Vehicle). 

8.  Entry  velocity  into  the  Martian  atmosphere  for  an  entry 
vehicle  would  be  in  the  range  of  20,000  feet  per  second  for  a 
direct  Mars  impact  trajectory. 

9.  There  existed  a Headquarters  Science  Directive  that 
specified  that  any  vehicle  entering  the  Mars  atmosphere  be  sterilized 
so  as  to  prevent  contaminating  Mars  with  Earth  micro-organisms. 


Initial  Concept  Definition  and  Approval 


Based  on  the  foregoing,  the  group  decided  to  concentrate  its 
efforts  on  (l)  an  entry  vehicle  about  8- feet  in  diameter  (to  fit 
within  the  Mariner  shroud)  and  about  300  pounds  in  weight  (this 
appeared  to  be  a reasonable  weight  and  would  be  compatible  with  Atlas- 
Centaur  launch  vehicle  using  a Mariner  spacecraft  as  a bus  to  deliver 
the  probe  to  the  planet,), and  (2)  a payload  consisting  of  instruments 
to  make  direct  measurements  of  the  Martian  atmosphere  while  descending 
on  a parachute  deployed  from  the  heat  shield  after  the  entry  heat 
pulse.  A preliminary  design  effort  was  initiated  to  iterate  science 
instruments  and  the  required  subsystems  until  a reo.onable  concept 
was  identified.  It  took  approximately  two  months  for  this  effort  to 
converge  with  about  20  men  of  various  disciplines  working  on  the 
problem  in  scattered  locations;  my  office  was  the  hub  because  the 
actual  designs  were  integrated  on  the  drafting  boards  as  well  as  the 
weights  tabulated.  There  was  no  problem  in  obtaining  production- 
people  were  motivated  by  the  concept  of  a Mars  probe  and  realized 
that  they  may  be  getting  in  on  the  "ground  floor”  of  something  big. 

Ho  sophisticated  analyses  were  made,  designs  v<.  _•  broad  brush,  and 
most  work  was  done  on  scratch  paper.  All  work  was  very  preliminary 
to  get  a feel  of  practicability;  a lot  of  work  and  concepts  were 
turned  out,  analyzed,  modified,  or  discarded  in  that  time  period. 

Two  probleis  which  arose  during  this  period  and  which  required 
much  discussioc , trading-off,  and  Judgment  were  (l)  a descent 
television  experiment  and  (2)  the  heat  shield  design. 
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The  fundamental  instruments  necessary  to  make  direct  measurements 
of  the  atmosphere  vere  readily  identified.  Their  weights  (as  well  as 
the  weights  of  their  supporting  subsystems — power  and  communications) 
could  be  estimated  with  a reasonable  degree  of  accuracy.  These 
instruments  were: 

Temperature:  Platinum  Resistance  Thermometer 

Density:  X-ray  Backscatter  and  Accelerometer 

Pressure:  Pressure  Transducer 

Composition:  Mass  Spectrometer 

Altitude:  Radar  Altimeter 

Descent  T.V.  was  believed  to  be  a worthwhile  experiment  and,  in 
addition,  rather  a glamorous  one.  However,  weight  allowances  could 
not  tolerate  the  experiment  without  deleting  some  of  direct  measuring 
instruments  and,  thus,  relying  on  indirect  analytical  derivations. 
After  examining  many  trades  and  much  discussion,  it  was  agreed, 
reluctantly,  to  omit  a descent  T.V.  experiment.  We  expected,  should 
the  proposed  probe  become  an  actual  flight  program,  that  the 
question  would  arise  again. 

The  other  problem,  that  of  the  heat  shield,  was  again  one  of 
weight.  Since  the  entry  vehicle  would  experience  aerodynamic  forces 
on  entering  the  Martian  atmosphere  causing  deceleration  loads  and 
heat  pulse,  it  would  be  necessary  to  protect  the  payload  with  a heat 
shield  through  this  period.  While  we  had  but  a rough  idea  of  what 
these  loads  would  be,  it  became  obvious  that  we  couldn't  build  a heat 
shield  of  the  required  site  with  state-of-the-art  technology  within 
the  weight  restraint.  Fortunately,  there  appeared  a way  out  of  this 
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problem;  researchers  under  Roger  Anderson  in  the  Structures  Research 
Division  were,  at  that  time,  working  on  a new  configurational  concept— 
a "tension  shell"  hat-like  configuration  designed  to  take  pressure  loads 
in  membrane  tension.  This  configuration  had  promise  of  being  much  more 
efficient  than  a cone  or  Apollo-shaped  heat  shield  because  of  the  ab- 
sence of  bending  stresses. 

In  addition,  researchers  under  William  Mace  in  the  Flight  Instru- 
mentation Division  had  become  interested  in  the  sterilization  problem 
and  had  started  a group  of  several  engineers  working  on  procedures  and 
studying  the  effects  of  the  elevated  sterilization  temperature  (135°  for 
2k  hours). 

Thus,  we  had  a concept  to  present  to  Langley  management  for  con- 
sideration. The  mission  outline  is  shown  on  Figure  II-l;  the  rationale 
for  its  consideration  rested  on  the  following  main  points: 

1.  Ihe  scientific  instruments  would  make  direct  measurements  of 
the  atmoshpere. 

2.  Langley  has  expertise  in  parachutes  and  heat  shiells. 

3.  Langley  has  interest  in  sterilization. 

U.  The  mission  hardware  requirements  could  serve  as  a focus  for 
LRC  research  and  technology  development  for  several  years. 

5.  The  probe  Itself  covld  be  considered  an  experiment  to  supple- 
ment Mariner  flights. 

6.  The  probe  mission  could  obtain  the  necessary  data  to  guide 
design  of  Voyager  landers. 

Dr.  Roberts  decided  the  next  logical  step  would  be  to  have  an 
experienced  aerospace  contractor  study  the  concept  in  depth  under 
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Figure  II-l. — Mission  mode  concept* 
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Langley  direction;  he  talked  of  a $500, 0C0  contract,  I felt  that  he 
was  optimisitic  about  obtaining  funding  of  that  order.  Dr.  Robert 
perservered,  however,  and,  by  virtue  of  his  aggressive  championship 
of  the  concept  obtained  the  support  of  Langley  management  and  Head- 
quarters. This  commitment  was  a key  decision  with  far  reaching 
consequences  for  Langley  and  NASA  since  $500,000  was  sizeable  enough 
to  put  Langley  in  the  mainstream  of  interplanetary  studies  for  the 
first  t.re.  Further,  the  arivin*  force  had  oeer.  Dr.  Roberts  and  his 
technical  staff  acting  on  their  own  initiative. 

I was  assigned  to  consult  specialists  in  all  disciplines  and  to 
write  up  an  inclusive  work  statement  which  would  serve  as  the  basis 
for  the  contractor  proposals.  Headquarters  allocated  $500,000  for  the 
contractual  study.  $250,000  each  was  supplied  the  Office  of 
Advanced  Research  and  Technology  (0ART)  and  the  Office  of  Space 
Sciences  Applications  (OSSA)  as  it  was  felt  that  study  results  would 
be  applicable  to  both  research  and  mission  applications.  Headquarters* 
decision  approving  Langley's  entree  into  the  interplanetary  missions 
studies  which,  heretofore,  had  been  a JPL  monopoly  was  based  on  the 
consideration  that  missions  to  Mars  (or  other  planets)  appeared  to  be 
the  next  logical  program  after  Apollo  and  it  was  well  to  consider 
broadening  NASA's  base  beyond  JPL  which  was  not  a NASA  Center , had 
been  subjected  to  Congressional  criticism  for  its  management  of  the 
Surveyor  program1,  and  was  too  small  to  handle  a large  Apollo-like 

1NASA  SP-U901,  Unmanned  Space  Project  Management,  Surveyor 
and  Lunar  Orbiter,  Kloman,  p,  11. 


program  by  itself. 

A model  of  technical -administrative  path  leading  to  Mars  probe 
commitment  is  given  in  fig.  II-2. 
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Preparing  the  Request  for  Proposal 

Between  July,  when  the  go-ahead  was  given,  and  December,  when  the 
Request  for  Proposal  (RFP)  was  released  for  bids,  most  of  the  Roberts 
team  effort  was  centered  on  defining  the  tasks  that  the  contractor 
would  perform.  Defining  these  tasks  was  a complex  undertaking  for 
two  reasons:  (l)  we  were  lacking  in  expertise — it  was  out  first 

experience  with  interplanetary  missions  and  we  did  not  have  the  grasp 
of  the  technological  details,  and  (2)  soon  after  go-ahead,  Washington 
Headquarters  directed  that  a lander  be  included  in  the  mission  and  we 
had  not  examined  a lander  in  any  manner.  The  addition  of  a lander 
was  influenced  by  a desire  to  increase  the  potential  mission's  appeal 
to  the  public  and  to  Congress  and  by  a possible  need  to  match  any 
Soviet  competition.  It  is  to  be  noted  that  the  lander  was  only 
included,  at  this  stage,  as  a study  item;  thus  it  could  be  included 
or  not  included  in  any  mission  as  circumstances  (technical  or 
political)  warranted  at  a later  date.  The  adding  of  the  lander 
enthused  us  for  the  following  reasons: 

1.  The  mission  was  greatly  enlarged  giving  the  study  prime  NASA 
importance  and  national  recognition. 

2.  It  gave  us  an  entree  in  a new  technology  (lander)  that  was 
previously  the  domain  of  JPL. 

3.  It  Justified  changing  launch  vehicles — going  to  the  Saturn 
lB/Centaur  with  much  greater  capability;  thus,  easing  any  weight  bind 
we  might  have  had  in  trying  to  build  the  8 ft.  probe  for  300  pounds. 
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In  short,  it  was  a new  and  bigger  project — and  it  was  our 
responsibility. 

Preparation  cf  the  work  statement  entailed  problems  other  than 
technical  ones.  It  was  necessary  to  determine  overall  work  statement 
objectives  as  well  as  defining  individual  tasks  in  detail.  Leaving 
the  technical  problems  aside  for  the  time  being,  the  following  work 
statement  approach  was  agreed  upon  after  numerous  meetings.  It  was 
decided  to  consider  more  than  one  launch  opportunity.  In  fact,  we 
agreed  to  think  in  terras  of  launches  in  1971,  1973,  and  1975»  each 
larger  in  scope  insofar  as  the  landed  package  would  be  concerned. 

1971  was  taken  as  our  baseline  mission  with  emphasis  on  the  entry 
experiments  but  including  a minimum  landed  package.  The  landed 
package  would  consist  of  a crush-up  ball  with  accelerometers  to 
measure  deceleration  impact  (surface  hardness)  upon  landing  together 
with  a minimum  of  instrumentation  to  determine  atmospheric  density 
and  other  parameters  which  might  influence  the  design  of  future  more 
sophisticated  landers.  The  1973,  1975  missions  were  to  be  primarily 
lander  missions  with  the  landed  package  increasing  in  weight  and 
complexity  through  73  to  75  to  the  maximum  payload  capability  that 
could  be  launched  by  the  Saturn  lB/Centaur.  A commonality  concept 
of  subsystems  was  to  be  utilized  to  the  maximum  extent  practicable. 
The  heat  shield  would  perhaps  be  common  for  all  three  missions  and 
more  heavily  loaded  in  the  last  two.  This  would  mean  that  the  heat 
shield  would  be  over-designed  for  the  71  and  73  missions  in  order  to 
save  the  development  costs  associated  with  three  different  heat 
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ishields.  The  second  objective  to  be  agreed  upon  was  that  the  contractor 
should  consider  the  development  of  a complete  probe  lander  system  (heat 
shield  plus  all  subsystems)  rather  than  concentrating  on  technology 
items  per  se.  The  contractor  would  be  responsible  for  defining  a 
complete  development  plan  for  the  probe  lander  including  the  following 
items : 

1.  Manufacturing  plan 

2.  Sterilization  plan 

3.  Test  program  plan 

k . Flight  qualification  plan 

5.  Facilities  plan 

6.  Cost 

It  should  be  noted  that  while  Langley  was  still  not  involved  in 
the  entire  mission  planning  from  launch  to  landing,  it  was  very 
interested  in  the  entire  systems  phase  of  probe  lander  separation  from 
the  spacecraft  to  landing.  There  were  several  reasons  for  the  decision 
to  use  this  systems  approach.  They  are: 

l.  It  was  felt  that  a system  study  of  the  entire  probe  lander 
system  would  be  the  only  way  to  determine  the  interfaces  between  the 
various  technologies  and  to  determine  exactly  what  was  required  'rom 
each  of  the  technologies . 

2.  The  probe  lander  would  be  an  integral  unit  which  could  be 
developed  by  Langley  and  supplied  to  any  Center  responsible  for 
carrying  out  a Mars  mission. 

3.  Because  of  Langley’s  Interest  in  sterilisation  and  in  flight 


qualification  programs  i.i  the  Earth' 8 atmosphere,  the  study  would 
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generate  data  allowing  Langley  to  proceed  with  plans  in  these  areas 
as  well  as  determining  what  ground  facilities  would  be  necessary  to 
support  a Mars  mission. 

An  output  from  the  contract  would  be  a complete  preliminary 
design  of  the  1971  probe  lander  defining  all  components  and  their 
weights — for  example,  a complete  design  of  the  heat  shield.  This 
complete  system  design  then  could  be  used  as  a basis  for  further 
final  fabrication  drawings  and  detailed  drawings  of  all  parts  if  a 
decision  was  made  to  go  forward  with  this  concept. 

To  serve  as  a base  for  discussion  of  the  technical  problems 
involved  in  the  work  statement,  our  preliminary  concept  of  the  mission 
is  shown  in  Figure  II-3.  This  concept  assumes  that  the  probe  lander 
would  be  separated  from  the  spacecraft  several  days  prior  to  Mars 
encounter  by  a mechanical  spring  system  which  would  be  designed  to  give 
the  necessary  velocity  increment  to  put  the  probe  lander  on  a Mars 
encounter  trajectory.  The  probe  lander  would  be  aerodynamically 
stable  so  that  once  it  entered  the  Mars  atmosphere  it  would  align 
itself  to  the  air  stream  at  zero  angle  of  attack  and,  thus,  take  the 
reentry  and  heat  loads  in  an  axial  direction.  It  was  further  assumed 
that  the  probe  lander  could  be  designed  so  that  its  drag  would  furnish 
S'if ficient  braking  to  decelerate  the  probe  lander  to  a velocity  of 
less  than  Mach  1 at  approximately  one-half  scale  height  above  the 
Mars  surface  (a  scale  height  is  equal  to  the  altitude  necessary  to 
change  the  density  by  one  order  of  magnitude).  At  this  altitude. 
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a parachute  would  be  deployed  which  would  lower  the  instrument  package 
(pulled  from  the  heat  shield)  to  the  surface  of  Mars  impacting  the 
surface  of  Mars  at  a velocity  of  approximately  100  feet  per  second. 

The  spacecraft  on  its  Mars  flyby  path  would  serve  as  a relay  station 
for  communications  from  the  probe  lander  back  to  earth.  Using  the 
spacecraft  in  this  manner  would  minimize  the  amount  of  power  and  the 
complexity  of  instrumentation  required  on  the  probe  lander. 

The  work  statement  was  divided  into  technology  areas  where  the 
contractors'  tasks  were  defined.  In  the  first  technical  area,  that 
of  Mission  Profile  and  Analyses  (an  area  where  we  had  a dearth  of 
information),  the  contractor  was  made  completely  responsible  for 
defining  the  mission  profiles  for  the  spacecraft  and  for  the  probe 
lander  from  separation  to  the  end  of  communications.  However,  we 
had  the  foresight  to  ask  the  contractor  to  look  into  some  additional 
items  because  we  had  no  knowledge  of  the  impact  trajectories  or  of 
the  associated  loads.  The  items  which  we  asked  the  contractor  to 
consider  were  the  influence  of  (a)  t rminal  guidance  on  the  probe 
lander  and  (b)  probr  lander  separation  from  the  spacecraft  after  the 
spacecraft-probe  lander  combination  was  in  orbit.  As  will  be  seen 
later,  the  additional  requirement  of  asking  the  contractor  to  look 
into  separation  after  orbit  took  on  major  importance. 

The  second  item,  that  of  Structures  (including  the  design  of  the 
probe  lander  heat  shield),  was  exercised  thoroughly  as  this  was  an 
area  of  Langley  expertise.  Since  the  Saturn  lB/Centaur  removed  the 
weight  problem  as  a major  restraint,  the  contractor  was  asked  to 


study  three  different  configurations  for  heat  shield  application; 
these  three  configurations  were  the  tension  shell,  the  Apollo-shape , 
and  a large  blunted  cone.  The  contractor  was  required  to  make  detailed 
stress  analyses  and  to  trade-off  the  pros  and  cons  of  these  three 
shapes  based  on  their  aerodynamic  drag  efficiency,  their  overall 
weight  requirements,  and  their  system  packaging  capability.  In  doing 
this,  he  was  required  to  define  the  critical  aerodynamic  loads  and 
heating  inputs  (both  convective  and  radiative)  for  all  ranges  of 
proposed  trajectories  and  atmospheres. 

The  third  technology  area  was  Science  Instrumentations  and 
Communications.  The  scientific  measurements  to  be  made  were  delineated 
in  the  work  statement  as  well  as  candidate  instruments  to  make  those 
measurements  for  the  1971  probe  lander.  The  contractor  was  responsible 
for  specifying  the  communications  equipment  aboard  the  probe  lander 
to  condition  the  science  data  and  transmit  the  data  to  either  the  bus 
for  transfer  to  Earth  or  to  Earth  directly.  In  the  case  where  the 
spacecraft  was  used  as  a transfer  link,  the  contractor  was  further 
responsible  for  delineating  the  equipment  on  the  spacecraft  in  order 
to  effect  this  transfer.  The  contractor  was  also  required  to  determine 
the  power  requirements  from  imputs  from  the  science  and  the 
communication  equipment. 

The  fourth  technology  area  was  Aerodynamics.  Again,  as  with  the 
structural  design,  this  area  was  exercised  thoroughly  because  of 
Langley's  experience.  Although  it  was  assumed  that  the  probe  lander 
would  be  designed  to  be  aerodynamlcally  stable,  there  was  considerable 
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uneasiness  amongst  aerodynamic 1st s concerning  the  dynamic  behavior 
of  the  probe  prior  to  achieving  stability.  One  concern  was  that 
before  entering  Mars’  atmosphere  the  probe  lander  may  tumble  and  be 
in  a random  mode.  Such  behavior  would  possibly  negate  any  communica- 
tions link  during  this  period  and  would  require,  at  a minimum,  special 
unknown  design  procedures.  For  this  reason,  the  contractor  vas 
required  to  look  into  the  possible  need  to  provide  a method  for 
spinning  the  probe  lander  after  separation  from  the  spacecraft  to 
assure  that  it  would  not  tumble.  Should  these  spinup  conditions  be 
necessary,  it  might  be  further  necessary  to  despin  the  probe  lander 
after  entry  to  allow  it  to  go  to  its  natural  stable  attitude.  A 
second  problem  which  concerned  he  aerodynami cists  was  the  motions  of 
the  probe  lander  during  entry.  Assuming  a random  angle  of  attack 
entry  condition,  the  question  became  one  of  how  soon  would  the  motions 
damp  out  before  obtaining  stable  flight.  Further,  would  there  still 
be  a large  angle  of  attack  on  the  probe  lander  when  it  penetrated 
sufficiently  far  in  the  atmosphere  to  have  aerodynamic  loads  or  heating 
inputs?  If  so,  how  did  this  effect  the  structural  design  of  the  probe 
lander  shell?  It  was  our  hope  at  this  time  that,  even  should  a 
design  angle-of-attack  at  entry  be  achieved  (through  spinup  or  other 
means)  which  would  be  satisfactory  for  a nominal  case,  we  could 
further  obtain  at  least  a partial  successful  mission  for  a random 
entry  condition  (if.  for  example,  the  spinup  mechanism  failed).  For 
the  above  reasons,  the  contractor  was  asked  to  define  the  motions 
of  the  probe  lander  "during  entry  for  design  and  possible  off-design 
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conditions."  As  one  can  imagine,  that  simple  sentence  requires  the 
contractor  to  perform  innumerable  analyses  and  designs. 

The  last  technology  area  concerns  the  parachute.  Here  again  the 
problem  vas  one  of  dynamics — defining  the  motions  of  the  parachute  to 
assure  that  it  vas  in  stable  flight  during  the  science  measuring 
period.  The  contractor  vas  required  to  determine  the  size  of  the 
parachute  and  the  veight  of  the  system  in  order  to  meet  the  final 
requirements  of  landing  the  instrument  package  at  100  ft /sec  and 
providing  sufficient  dwell  time  in  the  atmosphere  to  make  the  science 
measurements.  Since  the  data  available  on  Mars  indicated  there  might 
be  wind  gusts  in  the  atmosphere,  the  contractor  vas  further  asked  to 
study  the  system  motions  while  penetrating  50  ft/sec  gusts  of  10  second 
duration  and  to  damp  these  motions,  if  required,  in  a manner  so  that 
system  operation  vas  compatible  with  the  science  requirements.  Again, 
to  cover  an  unknown  exigency,  ve  inserted  an  additional  requirement 
that  the  contractor  evaluate  the  influence  of  adding  a supersonic 
parachute  to  the  entire  probe  lander  system  to  be  deployed  at  a maximum 
Mach  number  of  2.5.  The  purpose  of  this  supersonic  parachute  would  be 
to  add  to  the  drag  of  the  probe  lander  in  order  to  assure  that  the 
subsonic  parachute  could  be  deployed  at  >.n  elevation  of  one-half 
scale  height  above  the  surface  of  Kara, 

For  Informational  purposes.  It  may  be  noted  that  1*»  drafts  of  the 
work  statement  were  prepared  in  the  converging  process  of  obtaining  a 
consensus  before  the  final  work  statement  was  approved  by  the  Source 
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Evaluation  Board  and  was  released  for  bids.  With  reference  to  the 
aforementioned  Source  Evaluation  Board  (SEB),  a few  word?  on  its 
makeup  and  objectives  are  in  order,  "in  the  NASA,  formal  Source 
Evaluation  Board  are  established  for  competitively  negotiated  research 
and  development  procurements  when  (l)  The  estimated  cost  of  the 
contract  will  exceed  one  million  dollars  or  (2)  The  estimated  cost 

of  the  contract  itself  will  not  exceed  one  million  but  possible 
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follow-on  work  for  later  phases  of  the  same  project  will." 

Source  Evaluation  Boards  haw  four  primary  functions:  to  approve 

the  RFP,  to  assess  the  technical  and  business  qualifications  of 
prospective  sources,  to  evaluate  proposals  received  from  these  sources, 
and  to  report  their  finding  to  the  person  who  is  responsible  for 
selecting  the  source  of  award.  The  members  on  cur  Source  Evaluate  .» 
Board  were  selected  by  the  Director  of  the  Langley  Research  Center. 

The  SEB  was  composed  of  several  high-level  personnel  from  the  Center 
and  two  representatives  from  Headquarters;  the  Chairman  named  was 
Edwin  C.  Kilgore,  Division  Chief  of  Flight  Vehicles  and  Systems 
Division,  Langley  Research  Center.  Because  of  the  size  and  complexity 
of  the  procurement,  it  was  necessary  to  supplement  the  Source 
Evaluation  Board  itself  vith  subsidiary  technical  and  business 
committees  and  subcommittees  for  analysis  and  resear ~h  purposes.  The 
Source  Evaluation  Board  is  also  responsible  for  approving  the 
•valuation  criteria  which  the  committees  serving  the  board  will  use  In 
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grading  the  proposals.  Thus,  in  this  context,  the  RFP  must  include, 
in  addition  to  the  technical  work  statement , a statement  as  to  the 
broad  guidelines  on  which  the  proposals  will  be  evaluated.  Again,  the 
saae  group  ”hich  prepared  the  work  statement  was  involved  in  develop- 
ing th*’  evaluation  criteria  suid  submitting  its  recommendations  to 
the  Source  Evaluation  Board  for  approval. 

To  fulfill  this  requirement,  we  asked  that  the  contractor  submit 
his  overall  technical  approach  with  substantiating  data  analysis 
for  the  following  five  technical  areas: 

1.  Overall  System  Concept  and  Integration 

2.  Subsystem  Concepts  and  Associated  Analyses 

3.  Qualificati  n Pregram 

U.  Sterilization 

5.  Technical  Management  and  Plans 

In  addition  to  the  Technical  Management  Proposal,  the  bidders 
were  required  to  submit  a Business  Management  Proposal  which  inciuded 
the  following:  (l)  past  performance  and  experience  (2)  the  relation 

of  protected  work  load  capacity,  and  (3)  their  •management  structure. 
With  the  approval  of  the  Source  Evaluation  Board,  the  subsequent 
release  ol  the  RFP  represented  the  completion  cf  Langley' r first 
year's  efforts  on  Mars  mission  studies.  The  following  items  are 
included  in  the  Appendix  for  Chapter  II:  (II-A)  Statement  of  Vork, 

(II— B)  Instructions  for  Technical  and  Bisinese  Management  Proposals, 
(II-C ) LRC  Announcement  designating  the  Source  Evaluation  Board, 

(II-D)  Langley  Announcement  establishing  SEB  Committees.  The 
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commitment  by  Langley  to  set  up  a Source  Evaluation  Board  and  its 
committees  was  not  a minor  one.  As  can  be  seen  from  the  Appendix,  it 
represents  breaking  about  1+0  senior  staff  members  away  from  their 
line  responsibilities  for  at  least  a month* s effort.  A model  of  the 
technical/administrative  interactions  utilized  to  request  contractor 
proposals  on  a Mars  probe  lander  study  is  given  in  fig.  II-L  . 

At  the  end  of  the  first  year,  Langley  had  a small  technical  staff 
under  Dr.  Robert* s direction,  a nucleus  for  the  future  effort,  that 
was  beginning  to  understand  the  problems  and  were  veil  placed  for  the 
next  phase.  Washington  Headquarters  was  giving  Langley  more 
responsibility . The  Langley  administration  was  giving  full  support 
but  was  not  getting  directly  involved  for  project  participation. 
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Figure  II-U. — Model  of  the  technical/administrative  interactions  to  request  contractor  bids 
on  a Mars  Probe  Lander  study. 
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Synopsis 

A synopsis  of  the  first  year's  effort  could  be  tabulated,  as 
indicated  below: 

1.  Formation  of  a high-level  group  *o  study  problems  associated 
with  Mars  entry.  Action  initiated  and  managed  by  Dr.  Roberts,  a 
middle-manager  in  position  responsibility. 

2.  Identification  of  Langley '3  role  as  one  of  the  entry  vehicle 
technology  as  applied  to  obtaining  direct  science  atmospheric 
measurements  utilizing  a parachute  descent  to  assure  sufficient  dwell 
time. 

3.  The  preliminary  definition  of  a hardware  concept  which  was 
compatible  with  item  2 above. 

L . The  approval  by  management  of  the  concept  with  the  authority 
to  pursue  the  concept  further  through  contractual  means — allocation  of 
five  hundred  thousand  dollars . 

5.  The  increased  interest  of  Washington  Headquarters  in  the 
procurement  by  directing  inclusion  of  a lander  into  the  mission  and 
thus  causing  the  procurement  to  become  one  of  major  significance. 

6.  The  preparation  of  the  request  for  proposals 

a.  The  contract  approach — systems  (rather  than  research) 
oriented. 

b.  Delineation  of  technical  tasks. 

c.  Development  of  evaluation  criteria. 

7.  Approval  by  the  Source  Evaluation  Board  and  the  release  of  the 


Request  for  Proposals. 


CHAPTER  III 


DEVELOPMENT  OF  A NATIONAL  PROGRAM  - 196 5 
Summary 

The  second  year  could  be  divided  into  two  distinct  phases.  For 
the  first  half  of  the  year,  Langley  continued  on  its  more  or  less 
independent  path  with  minimum  interfacing  with  NASA  Headquarters, 
other  NASA  Centers,  and  industry.  In  this  period,  Langley  concentrated 
on  increasing  its  technology  base  by  means  of  in-house  studies  and  on 
selecting  a contractor  for  the  probe/lander  contract.  In  contrast, 
the  second  half  of  the  year  was  devoted  to  initiating  a Langley  role 
in  Voyager  and  integrating  Langley's  effort  into  a national  NASA 
effort.  This  required  both  formalizing  the  effort  at  Langley  so  that 
Center  management  could  keep  current  and  respond  as  well  as  defining 
lines  of  communication  with  JPL  and  Headquarters. 
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Langley  In-House  Studies 

With  the  release  of  the  KFP  for  bids,  a slack  time  became  available 
to  strengthen  Langley's  technology  base  by  continuing  the  in-house 
studies  which  were  dropped  when  Roberts'  technical  staff  switched  its 
efforts  to  the  preparation  of  the  contract  procurement  documents. 

In  my  role  as  systems  integrator  and  mission  analyst,  1 started  two 
teams  in  my  division.  Flight  Vehicles  and  Systems  Division  (FVSD), 
to  work — one-  team  on  +he  engineering  design  of  a tension  shell  heat 
shield  and  another  on  mission  analysis  (trajectories,  launch  vehicle 
requirements,  and  Mars  entry  lore’s  and  heating). 

Starting  the  work  on  heat  shield  design  presented  no  problem — an 
experienced  structural  design  engineer  together  with  a designer  was 
made  available  and  assigned  the  task.  The  mission  analysis  problem 
was  another  story — I had  no  one  with  any  expertise  to  call  upon  as 
well  as  having  none  myself.  I advised  Mr.  Kilgore,  my  line  Division 
Chief,  of  this  fact  and  recommended  that  our  Division  should  build  a 
technology  base  in  this  area.  I further  requested  a team  of  four 
promising  young,  ambitious  engineers  (who  I had  hand  picked)  to 
tackle  this  problem.  Mr.  Kilgore  concurred  and  for  two  months,  I 
worked  closely  with  these  engineers  to  develop  an  appreciation  and 
understanding  of  the  parameters  and  their  fit  in  the  definition  and 
design  of  the  probe/lander  and  sub-systems. 

In  a similar  manner,  other  team  members  started  in-house  studies 
in  their  areas  of  responsibility.  In  addition,  other  line  research 


organizations,  sensing  the  future  direction  of  our  efforts,  began  to 
orient  their  long  range  research  objectives  toward  a Mars  mission 
objective.  However,  the  main  forcing  function  of  our  group’s  in-house 
studies  was  to  prepare  ourselves  for  the  task  of  technically  monitoring 
the  probe/lander  contract  work  once  it  was  initiated. 


Voyager  and  Probe/Lander  Contract  Evaluation 

In  the  Spring  of  196^,  NASA  Headquarters  made  the  decision  to 
follow  the  JPL  Marine**  Mars  1969  mission  with  a "Voyager"  Mars 
mission  in  1971  (launch  windows  to  Mars  occur  at  two  year  intervals). 
"Voyager",  at  this  time,  was  a nebulous  term  to  denote  a lander 
mission  to  the  planets  (Mars  and  Venus).  A series  of  Voyager  missions 
was  envisioned  similar  to  the  Mariner  Flyby  missions  and  would  be 
precursors  to  any  manned  planet  mission.  JPL  was  instructed  to 
proceed  with  contract  definition  studies  of  the  spacecraft  to  ferry  a 
lander  to  Mars.  The  lander  definition  was  not  to  be  included.  The 
omission  of  tie  lander  from  the  Voyager  Study  was  significant;  our 
group  concluded  that  Headquarters  must  be  looking  to  Langley  and  its 
Probe/Lander  contract  for  definition  of  the  Voyager  landers.  As  far 
as  we  knew,  however,  there  had  been  no  commitment  from  Dr.  Thompson, 
Langley's  director,  to  Headquarters  for  Voyager  support — in  fact. 

Dr.  Thompson  had  stayed  very  much  in  the  background  throughout  and 
had  not  displayed  any  personal  interest  in  Mars  studies. 

The  month  of  March  was  spent  in  evaluating  the  contractor's 
proposals  for  the  Probe/Lander  study.  The  aforementioned  committees 
took  over  a floor  of  the  nearby  Chamberlin  Hotel  and  graded  the 
proposals  received  from  AVCO,  General  Electric,  Grumman,  Hughes, 

Northrup  and  Space  General.  While  these  deliberations  are  confidential, 
it  can  be  reported  that  the  competition  was  keen  with  companies,  as 
expected,  showing  varied  strengths  in  the  technologies  required. 

While  the  comuittees  were  evaluating  the  proposals,  members  of  the 
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Source  Evaluating  Board  (SEB)  were  visiting  the  six  companies  to 
inspect  their  facilities  as  a guide  to  their  competence  to  perform 
the  work.  In  addition  to  the  committee  evaluations  and  plant  visits, 
a oral  presentation  was  held  at  Langley  on  March  23  by  all  companies 
in  secret  to  the  SEB  and  committee  members.  The  purpose  of  the 
presentation  was,  of  course,  to  aid  in  the  decision  making  process. 

The  companies  vere  given  the  opportunity  to  present  their  philosophy, 
technical  approach,  and  to  expand  on  their  proposal  wherever  they  felt 
they  might  have  left  loose  ends  or  to  emphasize  the  points  they 
deemed  important.  They  were  also  questioned  by  Langley  personnel 
on  points  which  were  not  clear  in  the  proposal. 

The  committees  reported  their  finding  to  SEB  on  March  30.  The 
report  consisted  of  a complete  written  record  of  the  evaluation 
plus  an  oral  summary  from  each  chairman;  I presented  the  findings  of 
the  Overall  Concepts  and  Integration  panel.  The  SEB  now  had  complete 
information  to  start,  their  deliberations  with  the  objective  of  making 
a recommendation  to  the  Center  Director  regarding  award  of  the 
Probe/Lander  contract. 
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Results  of  FVSD  In-House  Studies 

In  late  spring,  the  FVSD's  in-house  studies  on  the  tension  shell 
and  in  mission  analysis  had  progressed  far  enough  to  have  some 
preliminary  results.  In  a manner  similar  to  the  normal  method  that 
FVSD  carries  out  a hardware  assignment,  FVSD  und«i  ooh  to  "engineer" 
the  Mars  probe  lander  with  the  variety  of  disciplines  within  the 
.rion.  As  a result,  FVSD  was  building  a team  capability  within 
the  division  under  my  designations  on  Roberts  staff  as  integrator, 
design  chief,  and  mission  analyst.  There  was  no  conflict  between  the 
groups  because  the  groups  were  working  different  problems  and  FVSD's 
date  fed  directly  to  Roberts  and  his  staff.  Both  Kilgore,  FVSD 
Division  Chief,  and  Roberts  were  pleased  with  the  arrangement  and  it 
was  most  effective.  The  FVSD  team  at  this  time  consisted  of  about 
eight  engineers-four  in  design  and  four  in  mission  analysis. 

The  results  of  FVSD's  findings  are  presented  in  the  following 
sections : 

Tension  Shell 

The  problem  of  the  tension  shell  is  shown  in  Figure  III-l.  The 
concept  is  that  the  shell  is  configured  to  the  shape  a membrane  would 
assume  with  symmetrical  loading  under  Newtonian  theory.  My  structural 
engineer  reported  two  problem  areas: 

(l)  The  base  ring  would  be  heavy  as  a large  moment  of  inertia 
would  be  required  to  prevent  buckling. 
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(2)  Engineering  design  procedures  were  not  available  for  defining 
shell  stresses  under  unsymmetrical  loading  as  would  be  anticipated  with 
an  angle  of  attack  during  entry.  Further,  texts  such  as  Formulas  for 
Stress  and  Strain  (Roark)  or  Theory  of  Plates  and  Shells  (Timoshenko) 
were  not  directly  applicable  to  the  problem;  the  shell  would  probably 
have  to  be  designed  to  resist  some  bending,  and  the  development  of  an 
analytical  solution  would  represent  advancing  the  state  of  the  art. 

Mission  Analyses 

Few  experiences  have  been  as  rewarding  or  as  enjoyable  as  the 
first  couple  of  months  work  in  this  field.  Starting  from  scratch  and 
working,  by  and  large,  without  guidance,  we  defined  a simple 
methodology — not  anywhere  near  a complete  understanding  of  the 
technology  but  an  understanding  sufficient  to  make  complex  trade-offs 
in  a short  time  and  to  identify  critical  parameters — a working 
knowledge  sufficient  for  all  near  term  purposes.  It  was  a stimulating 
j.  perience  and  a surprise  to  us  that  a group  of  five  people  could 
progress  to  such  a depth  in  a new  technology  in  so  short  a time.  The 
secret  was,  I think,  that  we  were  interested  in  the  application  and 
not  the  methodology  for  itself.  When  mission  analyst  specialists 
tried  to  explain  refinements  or  optimizations,  we  turned  a deaf  ear 
and  ran;  when  texts  got  complicated,  we  skipped  pages  and  looked  for 
a formula  we  could  use  for  our  purpose.  Beyond  this  was  the  constant 
cross  feed  among  five  persons  aimed  at  understanding  the  problem; 
in  effect,  we  taught  each  other. 
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First,  let  us  look  at  the  final  results — what  we  could  do.  We 
could : 

(1)  Size  a launch  vehicle  and  fuel  for  a mission  to  Mars  for 
any  size  payload  (spacecraft  and  probe/lander)  for  the  following 
phs.^ — launch,  earth  orbit,  and  to  place  payload  in  interplanetary 
orbit. 

(2)  Size  spacecraft  for  interplanetary  cruise,  course 
corrections,  and  orbit  maneuver  at  planet  if  desired. 

(3)  Size  propulsion  requirements  on  prob'  'lander  for  entry. 

(U)  Determine  entry  trajectories — velocities,  altitudes,  loads, 
flight  path  angles. 

Now,  let  us  look  at  how  we  got  there. 

(l)  Literature  search  uncovered  data  such  as  given  in  Figure 
III-21;  similar  data  is  contained  for  launch  window-,  in  1973  and 
1975-  Concentrating  on  the  parametric  data  given  for  departure 
velocity  (V^)  and  approach  velocity  (V^),  we  obtained  a wealth  of  data 
sufficient  to  study  launch  payloads  and  Mars  entry  loads  and  tra- 
jectories. 


^Voyager  Design  Studies,  Volume  3:  Systems  Analysis,  AVCO 

Corporation,  October  1963,  pg.  80. 
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The  departure  velocity  sauared  is  usually  termed  arid  is  a 

measure  of  launch  vehicle  energy  (E),  and  payload  (P).  Rationale: 

E (for  a given  launch  vehicle)  = constant 
E - mV^  ^ PV^  = constant 

the  smaller  the  V^,  the  greater  the  payload — so  minimize  V . 

(In  layman  terms — when  the  planets  are  favorably  aligned,  it 

takes  less  departure  velocity  to  deliver  a given  payload). 

Checking  down  the  departures  velocity  column  in  Figure  111-2* 

for  example,  ve  find  that  the  minimum  velocity  of  2 8 km/sec  occurs 

2 

on  5/2l*/71  and  . epresents  a = 2.8  = 7.85.  We  can  then  proceed 

2 

to  a launch  cnart,  such  as  given  in  Figure  III-5  , which  designates 
payload  as  a 1 unction  of  C^-  This  completes  the  discussion 
regarding  the  launch  phase. 

The  Mars  approach  problem  was  also  examined.  The  approach 
velocities  designated  are  the  velocities  as  the  spacecraft  approaches 
Mars  when  the  gravity  of  Mars  becomes  the  prime  factor  in  determining 
the  subsequent  trajectory.  By  using  simple  formulae  ^ , the  velocity 
at  any  aim  point  (entry  or  orbit  maneuver)  near  Mars  can  be  calculated. 
Since  we  must  eventually  land  on  the  planet,  this  approach  velocity 
must  eventually  be  decelerated  to  zero.  Thus,  ir  is  logical  that  we 
keep  the  approach  velocity  as  low  as  possible  to  minimize  the  work 
we  must  do.  In  summary,  tools  were  in  hand  to  determine  the  entry 
velocity  of  the  vehicle  at  atmospheric  entry  'onditions — assumed  to  be 

2 Launch  Vehicle  Estimating  Factors,  NASA,  January,  1970. 

3 Voyage  Design  Studies,  Volume  3:  Systems  Analysis  AVGO 

Corporation,  October,  1963,  P-  70. 
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800, COO  feet  abo/e  Mars.  (For  simplicity  and  because  the  refinements 
are  not  essential  to  first  cut  analyses,  I have  omitted  mention  of 
other  parameters  such  as  launch  azimuth  restraints,  communication 
links  to  Earth,  landing  site  on  Mars,  Sun  position  relative  to  the 
vehicle,  length  cf  launch  window,  etc.) 

(2)  To  obtain  required  data  on  the  entry,  a simple  particle 
ballistic  Earth  entry  program  was  modified.  By  working  with  a 

programme:’  in  Langley’s  Computer  Division,  the  atmospheric  and  planet 

h 

characteristics  reflecting  the  current  scientific  estimates  for 
Mars  were  substituted  for  the  Earth’s  vrlues.  Such  niceties  as  six 
degrees  of  freedom  programs  and  entries  relative  to  the  atmosphere’s 
rotation  were  ignored.  From  this  simple  program,  parametric  studies 
could  be  readily  carried  out;  we  could  call  in  to  the  programmer  the 
values  of  the-  parameters-entry  velocity,  entry  angle  into  the 
atmosphere,  and  ballistic  number  (a  measure  of  the  weight-drag 
characteristics) — and  ge"  the  print-out  in  the  same  day  which  would 
describe  everything  we  wanted  to  know  about  velocities  and  loads. 

From  this  work,  we  identified  the  critical  parameters  and  could 
understand  the  trade-off  problem — this  allowed  us  to  carry  out  com- 
plete mission  analyses  with  confidence.  It  is  interesting  to  note 
how  this  very  important  assistance  was  obtained.  Two  of  my  young 
engineers  made  discreet  inquiries  to  determine  who  corld  help  us. 

They  then  made  an  appointment  with  the  specific  programmer  (female), 

k NASA  TN-D2525,  NASA  Engineering  Models  of  the  Mars  Atmosphere  for 
Enti'y  Vehicle  Design,  Levin,  G,  M. ; Evans,  D.  E.;  and  Stevens,  V,, 
November  1961*. 
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explained  they  were  in  trouble  with  their  assignment,  were  ignorant 
of  tne  technology,  and  requested  any  help  they  could  get.  The 
cooperation  and  assistance  obtained  was  invaluable  and  no  formal 
interdivision  arrangements  were  eve'*  made. 


Preliminary  Langley  - JFL  - Headquarters  Activities 
With  the  increased  interest  in  a Mars  mission  as  indicated  by 
Langley* s Probe/Lander  effort,  J PL ' s spacecraft  effort,  and  Head- 
quarters* desire  tv.*  define  a mission,  the  Langley  management  began 
to  take  steps  to  identify  Langley's  mission  role  (if  any)  and  its 
internal  research  and  technology  direction.  Pince  Voyager  was  an 
OSSA  program,  the  definition  of  Langley's  fit  in  the  program  was  a 
complex  problem  involving  GAFT,  OSSA,  and  Langley, 

At  the  request  of  Mr.  Kilgore,  Mr.  -Town  and  I were  closely 
associated  with  Dr.  Roberts  in  the  preparation  of  two  documents  early 
in  May.  The  first  document  was  an  internal  memorandum  defining,  as 
best  we  could,  the  options  available  (together  with  their  justifi- 
cation from  a technology  viewpoint  and  the  resources  required  for 
each  option  responsible ity ) to  CART  in  its  participation  in  the 
Voyager  Program.  This  memorandum  OART's  Role  in  the  Voyager  Program 
is  contained  in  Appendix  III-A,  and  a summary  chart  is  included 
herewith  as  Figure  III— U . Briefly,  it  outlines  three  options  ail 
with  overall  JPL  management  and  responsibility  for  launch  vehicle  and 
spacecraft  systems.  Under  Option  I,  Langley  would  be  responsible 
for  the  entire  entry  vehicle  ("capsule  bus")  development  including 
science.  Option  II  is  the  same  except  the  science  integration 
function  would  be  performed  by  JPL.  Option  III  gives  mission  hardware 
responsibility  to  JPL  with  Langley  furnishing  technology  suppor  . 

The  second  paper  was  for  a presentation  at  Washington  Headquarters 
by  Dr.  Roberts  on  May  11  to  OSSA  and  OART  management.  This  presen- 
tation was  entitled  Voyager  Research  and  Technology  Programs  and  was 
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Figure  III-U. — Alternate  Langley  roles  in  Voyager  program. 
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devoted  to  "educating11  Headquarters  on  Langley’s  capabilities  in  both 
general  applicable  technology  areas  and  in  Voyager  mission  under- 
standing specifically.  The  objective  of  this  presentation  was  to 
supplement  the  previous  memorandum  (Appendix  II-A)  by  illustrating 
Langley’s  expertise  ana  its  relation  to  Voyager  requirements  and 
schedule.  An  overall  technology  schedule  program  plan  (Figure  III—  5 ) 
was  included  which  illustrated  the  technology  development  fit  with 
Voyager  scheduling  but  no  recommendation  or  mention  was  made  concerning 
any  Langley  direct  role  in  the  mission  hardware  program.  Langley 
menagenent  was  obviously  sitting  tight  at  this  time  and  awaiting 
future  developments  before  committing  to  a position  or  setting  up  any 
formal  mission  o'^ice.  All  Langley  personnel  working  the  "missi  a 
oriented”  problem  were  still  carrying  out  their  line  functions*,  there 
was  no  Langley  Voyager  Office  as  there  was  at  J1L. 
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Figure  XI1-5* — Voyager  capsule  technology  prog: 


Voyager  Planning  at  Headquarters,  June  1965 


At  this  time,  NASA  Headquarters  had  initiated  project  *id  defini- 
tion of  Voyager  with  plans  to  fund  the  start  of  hardware  fabrication, 
test,  and  operations  in  1966.  The  first  operational  mission  was 
scheduled  for  1971  with  a Sacarn  lB/uentaur  launch  vehicle.  Ther  was 
enthusiasm  for  Voyager  within  the  scientific  community;  the  Space 
Science  Board  of  the  National  Academy  of  Sciences  recommended  that 
unmanned  exploration  of  Mars  and  the  search  for  extra-terrestial  life 
be  the  primary  objective  of  post-Apollo  space  program.  There  was 
clamor  among  biologists  for  ambitious  missions  including  the  landing 
of  a large  Automated  Biological  Laboratory  (ABL);  a minority  viewpoint 
was  for  a more  gradual,  evolutionary  approach  starting  with  small, 
simple  payloads.  Donald  Hearth,  OSSA  Voyager  Program  Manager,  stated 
that  Voyager  "extends  a major  challenge  and  great  opportunity  to  the 
scientific  community  and  the  aerospace  industry.  Neither  the 

technical  difficulties  nor  the  potential  rewards  of  the  program  are 

„ 5 

underestimated . 

For  all  intents  and  purposes,  /oyager  appeared  to  be  an 
established  program  on  firm  ground  with  support  from  NASA  and  the 
scientific  community. 


5 Donald  P.  Hearth,  "Voyager",  Astronautics  and  Ae  •onautlcs.  May  196?- 
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Langley *s  Response  to  Voyager  Impetus 

Because  of  the  aforementioned  events  (Voyager's  importance  and 
Langley’s  Probe/Lander  input),  Langley  administration  recognized  the 
need  to  organize  its  efforts  in  a manner  compatible  with  the  overall 
requirements  of  NAfA.  Its  first  stop  was  the  creation  of  a Planetary 
Mission  Technology  Steering  Committee  (PMT.1C)  reporting  tc  the  Director 
and  chaired  by  Dr.  Roberts.  The  membership  consisted  of  eight  senior 
Center  engineers  in  the  various  divisions  and  included  the  basic 
core  of  personnel  who  worked  the  earlier  Mars  missions  studies;  I 
was  appointed  Secretary  for  the  committee.  Through  this  mechanism 
(both  formal  meeting  minutes  and  discussions  with  the  chairman), 
the  Director  was  kept  infomed  of  all  developments  regarding  Langley/ 
Voyager  interactions  and  could  participate  as  he  saw  fit.  Two  of  the 
specified  functions  o^  the  comn.itt.ee  were  to  (l)  guide  and  review  the 
progress  of  contract  studies  and  (2)  evaluate  results  of  studies 
and  recommend  future  actions.  (The  memorandum  establishing  the  PMSTC 
and  its  functions  is  included  as  Appendix  III-B. ) Through  this 
mechanism  of  a PMTSC,  the  Langley  management  could  get  the  Langley 
staff  involved  to  a degree  while  still  not  perturbing  the  research 
line  organizations  or  creating  a project  office  to  centralize  the 
work. 

With  the  award  of  the  Probe/Lander  contract  to  AVCO,  Wilmington, 
Massachusetts,  the  stage  was  set  for  the  acceleration  of  Langley’s 
efforts  to  include  directing  of  Probe/Lander  work  and  coordinating 


Voyager  participation  with  JPL  and  Headquarters.  The  PMTSC  addressed 
itself  the  problem  and  undertook  three  major  responsibilities  at 
the  behest  of  Mr.  Charles  Donlan,  Associate  Director,  who  met  with 
the  committee  and  gave  it  broad  operating  guidelines.  Mr.  Donlan 
stated  that  "the  Voyager  Program  is  moving  fast  and  LRC  should 
participate  because  it  is  primarily  an  exercise  in  reentry  technology. 
The  present  AVCO  study  is  being  used  as  a focal  point — for  preliminary 
definition."^  He  asked  the  PMTSC  to  (l)  guide  AVCO's  study,  (2)  work 
up  an  Langley  research  program  to  support  Voyager,  and  (3)  prepare  a 
draft  of  working  agreement  with  JPL  tc  define  mutual  responsibilities. 

The  PMTSC  set  up  the  organization  shown  on  Figure  I I 1-6  to 
guide  the  study;  as  indicated  therein,  I was  responsible  for  system 
integration,  mechanical  design,  environmental  control,  qualification 
program,  and  mission  analysis.  Subcommittees  in  the  various  research 
disciplines  were  appointed  to  outline  and  cost  research  programs 
necessary  to  support  Voyager.  Thirdly,  a draft  of  a "Recommended  LRC 
Position  in  the  Voyager  Program"  was  prepared  for  the  Director  for 
his  use  in  negotiations  with  JPL.  A copy  of  the  draft  is  included 
as  Appendix  III-C  and  is  based  on  LHC's  position  being  one  of  "strong 
technical  support  in  the  area  of  entry  technology."  In  essence,  it 
committed  LRC  to  carry  out  the  necessary  aerodynamic  wind  tunnel 
testing,  entry  vehicle  structural  research,  and  plan  and  conduct  a 
supporting  flight  test  program  in  the  Earth's  atmosphere — total 
Voyager  mainline  hardware  was  "assumed"  to  he  the  responsibility  of  JPL. 

^Minutes  of  the  fourth  meeting  of  Planetary  Missions  Technology 
8teering  Committee,  August  9»  1965 • 
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Figure  Organization  of  management  and  direction  of  LRC  Mars 

probe/ lander  study. 
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Direction  of  AVCO's  Study 

As  mentioned  previously,  the  companies  bidding  on  the  Probe/Lander 
proposal  had  strengths  in  various  areas  and  the  compti.it ion  was  stiff. 
AVCO's  strength  was  its  analytical  capability  in  mission  analysis, 
parametric  studies,  structural  analysis,  etc.;  compared  to  some  of  its 
competitors,  it  was  weaker  in  the  engineering  hardware  design  and 
fabrication — in  other  words,  the  company  was  more  research  than 
engineering  oriented.  The  company,  no  doubt,  was  selected  because  it 
was  felt  that  analytical  capability  was  the  driving  function  ir  our 
study;  i.e.,  the  need  to  optimize  entry  shell  weight,  tradeoff 
trajectories,  etc. 

A mutually  acceptable  working  arrangement  was  quickly  worked  out, 
between  Langley  and  AVCO.  This  arrangement  consisted  of  close 
interaction;  the  work  of  the  contractor  was  followed  in  detail  so 
that  the  effort  was  a Joint  one  rather  than  having  the  contractor 
work  for  a period  of  months,  report  his  findings  to  a large  review 
group,  and  obtain  feedback  redirection  as  befits  and  is  normal  for 
some  studies.  The  PMTSC  stayed  out  of  the  direct  loop  (except  as 
Dr.  Roberts  reported  progress  at  meetings)  and  the  runnin  , of  the 
contract  was  left  to  Dr.  Roberts  and  his  functional  staff.  AVCO 
had  a similar  function  staff  and  it  was  the  responsibility  of  the 
Langley  staff  member  to  monitor  the  work  in  his  area.  This  was  an 
extremely  demanding  period  fo**  me  because  a large  amount  of  work 

i 

in  mission  analysis  was  required  to  furnish  input  to  the  other 
disciolines.  This  interaction,  in  addition  to  being  responsible 

i 

I 

I 

»— 
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for  the  actual  design  integration  of  subsystems  required  me  to  see 
the  whole  picture  and  know  the  interfaces.  Norma'’,  working  relation- 
ship between  me  and  Mr.  Ellis,  aVCO's  systems  engineer,  consisted  of 
many  phone  calls,  mailed  data  exchange,  and  oi-weekly  meetings  either 
at  AVCO  or  at  Langley  when  »e  analyzed  and  agreed  as  to  where  va  were 
and  where  we  were  going.  The  LRC-AVCO  relationships  were  excellent 
throughout  owing  to  mutual  respect  and  the  mix  of  capabilities  was 
advantageous  for  outa.ning  sound  analytical  and  engineering  objectives. 

On  the  chnicai  side,  AVCO's  parametric  studies  of  the  three 
candidate  shapes  (.ensior.  shell,  cone,  and  Apollo'  indicated  that 
from  weight-performance  considerations  they  were  near  equal  while 
from  a packaging  point  of  view  the  cone  was  superior,  'ilie  tension 
shell's  superiority  in  high  drag  and  lev  x.eight  proved  iliusionary — 
tunnel  tests  of  120°  blunt  cones  indicated  that  they  yerl'ormed  nearly 
equal  in  drag  to  the  tension  shell  and  the  tension  shell's  estimated 
weight  increased  with  buckling  and  bending  problems.  Thus,  one  of 
Langley's  main  selling  noints — its  unique  knowledge  of  low  weight 
tension  shell  technology — was  quietly  discarded  without  notice.  The 
PMTSC  agreed  to  concentrate  th3  study  on  the  cone  shape  for  the 
reentry  vehicle  because  of  its  packaging  capability  and  because  its 
state-of-the-art  was  in  keeping  with  schedule  requirements. 


Research  Program  To  Support  Voyager 


The  second  action  item  of  the  PMTSC  was  to  define  a research 
program.  It  should  be  noted  that  this  item  is  of  tremendous  importance 
to  a Center  like  Langley.  It  furnishes  the  researcher  with  funds  and 
o*  '-'ctives  to  follow  his  quest  for  knowledge  in  his  specialty.  One 
reason  why  Langley  participates  in  mission  projects  is  because  of  the 
technology  (facilities  included)  fallout;  in  general,  Langley  desires 
a mix  between  missions  and  research,  and  strives  to  assure  that 
projects  do  not  overwhelm  the  reseaxch  in  importance.  Projects  are 
status  symbols,  good  public  relations,  a source  of  funding,  and  many 
engineers  prefer  the  type  work.  The  defining  of  a research  program, 
thus,  goes  to  the  heart  of  Langley. 

The  following  program  elements  were  defined  and  presented  to 
PMTSC  for  approval  and  forwarding  to  JPL  and  Headquarters: 


1.  Wind  Tunnel  Test  Pregram $330,000 

2.  Capsule-Heat  Shield  Development 1*00,000 

3.  Parachute  Development 865,000 


The  parachute  development  program  warrants  a fev  words  at  this 
point.  It  was  anticipated  from  our  mission  analysis  studies  chat 
the  mission  would  require  a parachute  approximately  84  feet  in  diameter 
to  be  deployed  at  about  Mach  1.2.  Deployments  in  this  transonic 
range  were  beyond  the  state-of-the-art.  Langley  proposed  a aeries  of 
seven  rocket  flight  deployments  of  sub-scale  parachutes  to  select  an 
optimum  configuration*  and  a series  of  five  full-sise  parachute 


deployments  in  the  wake  of  a blunt  cone  to  prove  out  the  system  and  to 
study  wake  effects.  The  full-size  tests  would  consist  of  a balloon 
la*mch  to  approximately  100,000  feet,  cone  release,  firing  rockets 
for  additional  altitude  (120,000  feet  to  simulate  Mars  atmospheric 
density)  and  for  Mach  number  requirements,  and  deployment  of  the 
parachute.  Figure  III-7  illustrates  the  concept  and  sequence  of  events. 

An  important  decision  was  required  with  regard  to  this  proposed 
parachute  program.  There  was  considerable  controversy  within  the 
FMTSC  as  to  whether  this  balloon  launch,  rocket  assist  concept  was 
feasible  technically . The  alternative  was  for  a standard  rocket 
launch  which  would  require  a Little  Joe  II  launch  vehicle.  The  launch 
cost  of  a Little  Joe  II  was  estimated  at  $2,000,000  while  the  balloon 
launch  was  estimated  to  $100,000.  Even  the  Assistant  Director  at 
LRC,  Mr.  Donlan,  had  grave  doubts  about  the  balloon  concept.  However, 
the  cognizant  Langley  engineer,  Mr.  John  McFall  of  AMPD,  stood  firm 
and  carried  the  day — for  five  launches,  the  decision  involve**  a total 
of  about  $10,000,000.  The  PMTSC  and  Langley  management  approved  and 
proposed  the  balloon  launch  method  and  then  stood  its  ground  against 
JPL’s  questioning. 
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Working  Out  Arrangements  With  JPL 

In  vorking  out  arrangements  with  JPL,  Langley  had  to  consider 
JPL* s unique  position  in  the  i'ASA  organization.  Formally,  JPL  is  a 
research  laboratory  under  the  cognizance  of  California  Institute  of 
Technology.  However,  nearly  all  its  contracts  are  performed  for 
NASA;  JPL  is,  in  reality,  an  arm  of  NASA-OSSA.  Although  a contractor 
JPL  acts  and  considered  to  be  more  like  a NASA  Center.  Pre-1961*, 

JPL  provided  the  initiative  (through  OSSA)  for  early  unmanned  lunar 
and  planetary  programs.  Its  early  planetary  ideas  developed  into 
successful  Mariner  missions  to  Venus  in  1962  and  to  Mars  in  196U. 

Its  mode  of  operation  is  primarily  to  build  in-house  with  the  use  of 
subcontractors  rather  than  the  utilization  of  prime  contractor  such 
as  North  American  on  Apollo  or  Boeing  on  Lunar  Orbiter.  JPL  had,  at 
this  time,  a near  monopoly  on  NASA  unmanned  missions  to  the  planets 
and,  thus,  was  the  only  "Center"  with  proven  capability.  There  were, 
however,  some  previously  mentioned  difficulties  brewing  in  the  NASA- 
JPL  relationship;  (l)  NASA  was  under  pressure  from  industry  to 
contract  work  rather  than  performing  the  work  in-house,  (2)  Congres- 
sional inquiries  into  problems  associated  with  JPL' 8 Ranger  and 

% 

Surveyor  programs  revealed  that  neither  NASA  nor  Congress  was 
satisfied  with  NASA's  direct  control  over  JPL  and,  thus,  the  programs 
(3)  tho  desire  by  OSSA  to  obtain  overall  NASA  Center  participation  in 
unmanned  missions  and,  thus,  enlarge  NASA's  options  and  capabilities. 

Returning  to  Voyager,  it  should  be  noted  that  Voyager  was,  at 
this  time,  only  slightly  larger  and  more  complex  than  JPL' a previous 


Mariner  missions.  The  important  differences  were:  (l)  use  of 

Saturn  lB-Centaur  instead  of  Atlas-Centaur  as  launch  vehicle,  (2)  am 
orbiting  spacecraft  instead  of  flyby,  and  (3)  a release  of  an  entry 
capsule  carrying  a "hard"  (Impact  attenuated  ball)  instrumented 
lander  on  spacecraft  approach  (see  Figure  III-8).  The  estimated  cost 
of  the  1971  Voyager  mission  was  of  the  order  of  $UOG, 000,000.  JP1  was 
officially  assigned  Voyager  Project  responsibility  on  July  lU,  1965. 
The  letter  from  Headquarters  stated  that  "UC  would  provide  support 
in  the  area  of  entry  technology"~this  vaB  precisely  the  role  which 
the  PMTSC  had  recommended  to  the  Director  in  its  aforementioned 
draft . 

With  that  charter,  JPL  visited  or,  perhaps,  descended  on  Langley 
to  work  out  the  details  of  how  "I5C  would  provide  support."  JPL  was 
represented  by  a staff  of  12  high-level  Voyager  office  personnel  with 
the  aim  in  mind  of  getting  maximum  "project"  help  from  Langley.  The 
personnel  were  obviously  well  qualified  and  well  prepared  for  the 
meeting.  Langley  was  represented  by  members  of  the  PMTSC  with  Dr. 
Roberts  as  principal  spokesman.  It  was  quickly  apparent  that  JPL 
and  Langley  had  some  diverse  views  as  to  Langley's  participative 
role — and  I don't  believe  that  this  csme  as  a surprise  to  anyone 
since  the  dividing  of  the  responsibility  and  funding  is  a serious  and 
important  matter.  JPL  was  interested  in  getting  Langley  out  of  the 
"systems"  area  which  JPL  wanted  to  control  and  into  narrow  specific 
technology  tasks  (i.e. , type  of  heat  shield  material)  which  would 
support  its  missions  concept.  Lenglcy,  on  the  other  hand,  took  the 
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III-8.-  Mars  probe  lander  sequence  of  events. 


I 


86 

broad  view  that  "support  in  the  area  of  entry  technology"  included 
entry  concepts  and  design  methodology.  As  a member  of  the  JPL  group 
stated  to  me  in  words  to  the  effect  that  "JPL  knew  LRC  was  interested 
in  Mars  missions  and  was  soliciting  contract  assistance.  We  expected 
LRC  to  contract  for  a research  oriented  study  and  were  very  surprised 
when  we  read  the  work  statement  and  found  it  systems  oriented — we 
knew  then  that  JPL  had  competition  in  unmanned  planetary  missions." 
JPL  asked  specifically  that  Langley's  contract  "systems  effort  be 
deemphasized  to  avoid  preferential  treatment  to  AVCO  in  subsequent 
Voyager  capsule  procurement."  The  meeting  was  adjourned  after  a 
free  discussion  but  few  agreements;  it  was  obvious  that  the  feeling 
out  period  had  started  and  much  work  or  Headquarters  direction  would 
be  required  to  define  mutual  roles. 


^JPL  letter  June  29,  1965,  to  Dr.  Roberta  from  D.  P.  Bur  chan. 
Voyager  Project  Manager. 
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Voyager  Becomes  a Multi-Billion  Dollar  Program 

August  and  September  were  months  of  working  the  AVCO  contract 
heavily  and  continuing  the  preliminary  skirmishes  with  JPL.  Then  in 
October  came  a surprise  Headquarters  decision  which  changed  the  entire 
picture.  Headquarters  decreed  that  the  launch  vehicle  for  Voyager 
would  be  the  Saturn  V;  this  changed  the  program  from  a Mariner  type 
to  a mini-Apollo.  This,  together  with  the  almost  simultaneous  data 
from  the  fly-by  Mariner  that  the  atmosphere  of  Mars  was  now  estimated 
to  much  leaf,  dense  than  previously  (5-10  millibars  rather  them 
previously  defined  10-1*0  millibars),  required  the  design  of  entirely 
much  larger  mission  with  much  more  difficult  landing  parameters. 

Neither  JPL  nor  Langley  had  studied  the  Saturn  V mission  and  recoomended 
it  to  Headquarters.  Headquarters'  decision  was  unilateral  and  based 
on  scant  technical  input  insofar  as  the  Centers  were  aware.  The  new 
guidelines  dictated  by  Washington  Headquarters  were: 

a.  Saturn  5 vehicle 

b.  Only  one  vehicle  for  each  opportunity 

c.  No  M69"  test  frights 

d.  Two  identical  spacecraft  anl  capsules  on  each  launch  vehicle 
for  "71"  and  "73''. 

e.  Delivery  mode  ”out-of -orbit" 

f. 

8* 


h 


Type  one  trajectories  only 
Shroud  260"  diameter  maximum 
Spacecraft  science  payload  2501  maximum 
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i.  No  spacecraft  science  mission  required  in  "71" 

J.  Objective  of  "71"  mission 

(1)  Obtain  atmosphere  data 

(2)  Obtain  surface  winds 

(3)  Obtain  surfaces  topography 

(4)  Obtain  surface  hardness 

k.  land  a 200#  automated  biology  laboratory  type  payload  in  1977 

l.  Spacecraft  mission  to  deliver  capsule  into  orbit 

m.  Design  to  a 5 to  10  MB  pressure 

n.  Spacecraft  designed  for  0-800#  capsule  weight  for  1971 
and  1973 

o.  Capsule  entry  weight  to  be  1000-3000#  for  1975  end  1977 

p.  1971  capsule  entry  mode  to  be  ballistic  with  a minimum 
M/CdA  of  .25. 

q.  Subsonic  chute  only  for  "71" 

r.  1971  test  capsule  to  be  done  on  an  in-house  basis  (like 
Ranger  and  Mariner)  system  contractor  planned  for  no  earlier  than 
1973. 

The  important  points  to  note  are: 

a.  Change  in  launch  vehicle  payload  capability  from  about 
10,000#  to  100,000# 

b.  1971  test  capsule  (lander)  to  be  a relatively  simple 
package  and  to  landed  by  "subsonic  chute  only." 

c.  Bo  19^9  test  flights  but  a gradual  growth  in  mission 
complexities  every  two  years  - 1971  through  1977* 
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The  management  responsibility  was  still  in  the  hands  of  JPL  but  it  was 
obvious  that  a project  as  large  ae  Voyager  was  nov  defined  would  require 
the  resources  of  many  Centers — Marsh-all  would,  of  course,  supply*  the 
Saturn  V — and,  thus,  the  final  project  management  would  have  to  be 
redefined  at  a later  date.  Meanwhile  JPL,  with  Langley's  help,  was  to 
redesign  the  mission  and  nuke  recommendations  to  Headquarters.  Langley 
issued  a change  order  to  its  AVCO  contract  to  redirect  its  work  on 
the  Probe/Lander  to  be  consistent  with  the  new  guidelines. 
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Headquarters1  Rationale  for  Saturn  V Decision 

The  two  reasons  publicly  stated  for  making  the  launch  vekicV 
switch  were: 

1.  A funds  squeeze  existed  owing  to  the  iemands  of  the  Vietnam 
War  and  the  Apollo  priority.  The  switch  to  the  developed  Saturn  V 
would  free  up  funds  needed  to  develop  the  Saturn  lB/Centaur  combina- 
tion and  transfer  launch  vehicle  costs  until  later  fiscal  years  when 
Vietnam  and  Apollo  wouldn't  be  so  demanding. 

2.  The  lover  atmospheric  density  estimated  at  Mars  could  mean 
that  a more  complex  and  weightier  landing  system  would  be  required 
which  the  Saturn  lB/Centaur  coundn't  handle — and  the  next  bigger 
launch  vehicle  in  the  NASA  stable  was  the  Saturn  V. 

Other  underlying  reasons  for  the  switch  mentioned  by  various 
NASA  officials  which  added  impetus  to  the  decision  were: 

1.  Marshall  was  gearing  up  to  produce  six  Saturn  V's  per  year 
for  Apollo  and  it  was  natural  that  NASA  would  need  a market  for  the 
8aturn  V's  after  Apollo.  The  decision  was,  thus,  influenced  by  a 
desire  to  maintain  a national  space  capability  and  to  provide 
continuing  work  for  the  Marshall  Center. 

2.  Scientists  in  08SA  and  in  the  aeadmaia  wasted  the  capability 
of  landing  large  scientific  laboratories  on  Mars.  The  scientific 
community  at  this  time  was  almost  totally  in  concurrence  with  the 
decision  because,  as  it  said  by  Voyager  participant,  " — every 
biologist  in  the  country  could  get  his  experiment  aboard." 
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Reactions  at  Langley  and  JPL 

The  reactions  by  Langley  management,  as  express  a to  the  FMSTC, 
was  one  of  using  Voyager  as  a focus  of  research  programs.  Mr.  Donlan, 
Langley's  deputy  director,  stated  he  had  met  with  Dr.  Adams,  head  of 
OART  in  Washington,  and  that  "OART's  mission  is  to  develop  technology 
required  to  support  Voyager  since  Voyager  is  the  only  approved 
program  after  Apollo”.  Mr.  Dave  Stone,  who  had  recently  served  as 
program  manager  of  the  highly  successful  FIRE  project,  was  appointed 
Langley's  technology  manager  and  was  instructed  to  survey  the  Center, 
define  technology  programs,  and  vork  with  JPL  to  obtain  approval  and 
funding.  Our  core  of  top  level  technical  people  working  on  the  Mars 
mission  wore  somewhat  elated  at  the  turn  of  events  because  we  felt, 
in  general,  the  larger  and  more  important  the  mission,  the  more  the 
opportunity  to  contribute  and  to  advance  in  our  professions. 

Discussion  with  our  project  counterparts  at  JPL  revealed  that 
the  reaction  at  JPL  was  very  much  different  and  reflected  concern. 

JPL  was  concerned  about  both  technical  and  management  problems.  In 
the  technical  area  where  they  had  had  extensive  interplanetary  mission 
experience  whereas  Langley  w*.s  a novic>,  JPL  felt  that  the  technology 
jump  from  Mariners  to  8atura  V missions  was  too  great.  Beyond  this, 
they  had  examined  the  feasibility  o*  larger  ecientifie  missions 
in-house  end,  despite  the  clamor  of  scientists  for  large  experiments, 

^Minutes  of  the  ninth  meeting  of  the  Planetar}  Missions  Technology 
Steering  CoMlttee,  (ovember  8,  196$. 
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had  concluded  t'.iat  the  scientific  instruments  were  not  available 
vithin  reasonable  cost  or  schedule  limitations.  In  the  management 
area,  they  forsav  that  the  mission  was  too  big  for  JFI.  to  manage  alone 
and  feared  that  a management  structure  would  become  big  and  unwieldy 
with  JPL  caught  in  the  middle  between  several  NASA  Centers  and 
Headquarter*' . 
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The  Other  Shoe  Drops — Cancellation  of  'T1  Voyager 

Two  months  after  the  switch  to  the  Saturn  V,  OSSA  Headquarters 
cancelled  the  '71  mission  and  rescheduled  the  first  Voytger  mission 
to  1973.  Lack  of  funds  was  the  reason.  The  BOB  (Bureau  of  Budget) 
out  NASA’s  overall  request  for  funds  from  $5.6  billion  tc  $5-1 
bill ion.  With  Apollo,  Surveyor,  and  Lunar  Orbite*  in  hardware  procure- 
ment , the  new  start  programs  bore  the  brunt  of  the  cut.  As  a result, 
Voyager  was  approved  for  only  $10  million  out  of  the  requested  $150 
million.  Donald  Hearth  the  Voyager  program  manager  stated  that 
" — work  on  the  spacecraft  portion  of  the  system  will  go  on  a low 
back  burner  basis  for  the  next  year  and  a half  to  two  years  before 

Q 

we  pick  it  up  again.'  In  the  interim,  the  plan  was  for  JPL  and 
Langley  to  continue  work  on  lander  definition. 

Thus,  the  year  ended  on  a confused  basis  with  an  entirely  new 
problem  to  start  work  or.  in  the  new  year.  The  situation  in  brief  was: 

1.  Langley's  technical  staff  war  broadening  Its  technology  base 
and  increasing  in  expertise.  Th.-»  FYSD  team  was  becoming  an 
appreciable  force  within  the  staff. 

2.  Langley  administration  was  taking  its  first  steps  to  support 

a Mars  program  but  had  not  made  any  organisational  changes  nor 
indicated  a desire  for  any  hardware  commitment. 

3.  Headquarters  had  a "tiger  by  the  tail"  with  the  Saturn  V 
Voyager  program  and  no  clear  path  waa  evident. 


^Aviation  Week  and  Space  Technology,  January  3»  1966 
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Synopsis 

A synopsis  of  the  second  year's  effort  could  be  tabulated  as 
indicated  below: 

1.  Obtaining  in-house  capability  in  Mars  mission  studies  by  the 
formulation  of  Langley  working  teams  in  various  technology  areas. 

2.  Probe/Lander  contract  evaluation  and  award  to  AVCO. 

3.  Probe/Lander  contract  to  serve  as  basis  for  Voyager  entry 
capsule . 

h,  Langley  becomes  a semi-participant  in  the  Voyager  program 
with  Headquarters  and  JPL. 

5.  Langley  creates  a Planetary  Missions  Technology  Steering 
Committee  with  Dr.  Roberts  as  chairman. 

6.  JPL  awarded  managership  of  Voyager. 

T-  Voyager  to  utilize  cone  configuration  for  entry  vehicle  rather 
than  tension  shell. 

8.  Langley  proposes  a parachute  development  program  for  Mars 
application — transonic  deployment  at  low  dynamic  pressure. 

9.  Headquarters  decrees  Saturn  V as  Voyager  launch  vehicle. 

10.  Voyager  1971  mission  cancelled. 


CHAPTER  IV 


VOYAGER  DEFINITION  - 1966 


On  the  technical  level  at  Langley,  the  year  was  primarily  spent 
on  trying  to  understand  the  Saturn  V Voyager  program  — analyzing 
the  technical  problems,  evaluating  the  trade-offs,  and  defining  a 
rational  technical  approach.  Other  technical  items  of  note  which  took 
place  during  the  year  included  the  completion  of  the  AVCO  contract 
and  the  initiation  of  research  and  development  tests  for  a Mars 
parachute  system. 

At  Headquarters  the  effort  consisted  of  developing  guidelines  for 
the  various  systems  (Spacecraft,  Lander,  Launch  Vehicle,  etc.)  in 
order  to  furnish  the  various  Centers  and  JPL  some  definition  of 
their  responsibilities  and  to  provide  charter  interfaces.  In  addition, 
much  effort  was  expended  in  attempting  to  determij.  a management 
organization  to  weld  together  the  efforts  of  the  many  participating 
organizations  scattered  from  coast  to  coast.  Involved  in  this 
problem  was  the  prime  importance  of  defining  Center  assignments 
(management,  spacecraft,  lander,  etc.)  so  as  to  obtain  the  best  mix 
of  capabilities  and  insure  a "workable"  management  system. 
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Voyager-AVCO  Interface 


At  the  start  of  the  year  AVCO  was  engaged  in  revising  its  work 
to  date  to  make  it  directly  applicable  to  the  1973  Voyager  mission — 
i.e.,  extrapolating  the  data  they  had  worked  up  for  the  Saturn  IB/ 
Centaur  mission  to  the  Seturn  V mission.  Since  AVCO's  work  on  the 
entry  vehicle  was  to  be  used  for  program  preliminary  definition,  it 
was  essential  that  the  guidelines  AVCO  was  using  reflected  the 
mission  as  NASA  Headquarters  visualized  it.  As  delineated  in  the 
previous  chapter , Voyager  was  now  defined  as  a continuous  program 
evolving  in  complexity  through  four  launch  years  (every  other  calendar 
year)  from  a first  probe  mission  to  a final  landed  "automated 
biological  laboratory"  mission.  JPL’s  management  was  convinced  that 
prime  importance  had  to  be  given  to  definition  of  the  first  mission 
for  costing  and  scheduling  reasons — other  items  such  as  logical  growth, 
future  planning,  and  subsystem  commonality  were  placed  on  the  back 
burner  unt?l  the  first  mission  was  defined.^  In  this  regard, 

Edward  M.  Sullivan,  LRC  Liaison  Coordinator,  reports  in  a trip  memo- 
randum as  follows: 

"Mr.  Schurmeier  iJPL  Voyager  Program  Manager]  expressed  the 
thought  they  would  like  to  get  the  first  mission  settled  and 
defined. 


^Author's  note:  This  JPL  "obsession"  with  the  current  problem 

continually  reflects  itself  In  technical  and  management  dealings  with 
Headquarters  and  other  Centers  as  the  careful  reader  will  note. 
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Then  they  should  proceed  . . . end  see  what  technology 
development  schedule  makes  sense  for  '73  and  '75  to  support 
the  '77  mission. 

"I  asked  about  a landed  payload  in  the  first  mission.  They 
were  adamant  in  saying  they  did  want  to  consider  it.  Mr. 
Schimandle  offered  the  comment  that  the  simplest  landed 
payload,  which  did  nothing  but  transmit  a signal  to  indicate 
impact  survival,  would  so  affect  the  cost  and  engineering 
complexity  as  to  Jeopardize  the  entire  capsule  mission." 

In  accordance  with  the  above,  Langley  had  AVCO  concentrate  on  a 
Probe  mission.  As  AVCO  stated  in  the  final  oral  report  "the  purpose 
of  this  study  is  the  design  of  a non-survivable  probe  to  perform 
engineering  experiments  for  the  determination  of  Mars  atmospheric  and 
terrain  properties.  The  mission  is  primarily  engineering  in  nature 
in  order  to  obtain  Mars  properties  for  the  definition  and  confirmation 
of  assumptions  that  are  necessary  for  the  design  of  future  large  soft- 
landers  for  advanced  missions."  The  sequence  of  events  is  illustrated 
in  figures  IV-1  and  IV-2  and  a summary  of  significant  data  from  the 
final  report  is  Included  in  Appendix  IV-A.  A synopsis  of  the  final 
conclusions  is  as  follows: 


2Mars  Probe,  Pinal  Presentation,  Contract  KA81-522b,  March  1,  1966 
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Experiments 


• 3 camera  TV 

• 1*  penetrometers  to  measure  hardness 

• atmospheric  composition  instruments 

Entry  Capsule 

• 15  foot  diameter  cone 

• weight  * 20^0  lbs. 

• M/CdA  = .22 

Only  Technology  Problem  Area 

• Development  of  parachute  for  low  dynamic  pressure 

deployment 

AVCO’s  final  report  was  veil  received;  it  was  felt  that  the  company 
did  an  exceptional  Job  under  trying  circumstances  involving  guideline 
changes  of  the  launch  vehicle,  mission  magnitude  and  objectives.  The 
realms  of  parametric  data  produced  together  with  actual  design  weights 
for  the  baseline  mission  furnished  a wealth  of  duta  to  guide  further 
studies  and  trade-offs  for  future  missions.  AVCO's  study  of  the 
Saturn  V Voyager  mode  was  restrained  to  study  of  the  capsule  being 
released  from  the  spacecraft  while  in  orbit  about  Mars  rather  ^han 
being  releised  mi  the  spacecraft’s  approach  to  Mars  and  making  a 
direct  entry.  The  reasoning  vlll  be  discussed  in  mors  detail  in 
the  next  section  because  the  controversy  between  direct  and  out-of- 
orbit  entry  is  of  prime  importance  in  mission  complexity,  cost,  and 
success;  suffice  to  say  at  this  time  that  with  the  guidelines  of 
Saturn  V with  its  large  energy  and  with  an  orbiter  specified, 
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mission  success  requirements  became  the  forcing  function  and  the 

3 

out-of-orbit  mode  became  an  obvious  choice.  It  should  be  recalled 

at  this  time  that  the  contractor  was  required  to  study  the  out-of- 
orbit delivery  mode  by  the  original  work  statement  (more  or  less  as 
an  afterthought  to  be  certain  we  included  the  total  problem).  As  a 
result  of  this  foresight,  the  changes  in  AVCO's  contract  resulted  in 
only  a very  small  change  of  contract  pr<ce  in  lieu  of  a complete 
rework. 


* 

Author's  note:  We  shall  sss  this  controversy  arise  time  and  again 

throughout  the  history. 
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Out  of  Orbit/Direct  Entry  Trades 

The  alternate  planetary  approach  modes  are  illustrated  in 
figure  IV-3  together  with  their  appropriate  entry  velocities  into 
the  Martian  atmosphere.  The  entry  velocity  for  the  out-of-orbit 
mode  is  considerably  less  than  for  the  direct  mode  because  the 
spacecraft  must  be  slowed  (by  use  of  retro-propulsion)  to  effect  its 
capture  into  orbit.  This  velocity  decrement  is  reflected  into  a 
lower  entry  velocity. 

Figure  IV-l*  summarizes  the  trades  between  the  entry  modes  in 
terms  of  the  parameters  involved.  Targeting  the  entry  vehicle  for 
entry  into  the  Martian  atmosphere  at  a specific  point  and  direction 
is  the  crux  of  most  entry  problems.  Figure  IV-5  represents  the 
general  problem.  As  one  can  see,  a Yg  of  0°  to  skip  Yg  causes  the 
vehicle  to  miss  the  planet  entirely.  The  nominal  (aim)  Yg  is 
determined  by  adding  the  30  error  tolerance  to  the  skip  angle.  Design 
must  account  for  entry  at  nominal  Yg  £ 30  tolerance  angle.  The 
reasons  for  staying  as  close  to  the  skip  angle  as  possible  are: 

1.  longer  path  ("stroke")  in  the  atmosphere  thus  reducing 
structural  and  heating  loads. 

2.  more  atmospb'jrlc  breaking  thus  less  energy  to  be  removed  by 
landing  system. 

3.  lover  velocities  at  parachute  deployment  altitude. 

Examining  the  implications  for  the  direct  entry  mode,  we  find: 


Figure  IV-U. — Entry  parameters 
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1.  skip  y is  approximately  20°  for  V_  * 2^,000' /see. 

Cj  Zj 

2.  3o  ei-or  band  could  be  only  be  estimated  since  the  mis?sion 
had  never  been  done  before — let  alone  enough  times  to  get 
statistical  data.  The  problem  is  complicated  since  it  is  not 
known  exactly  where  Mars  is.  Based  on  an  examination  of  the 
first  Mariner  data,  (Mariner  missed  its  target  on  a flyby 

by  at  least  a thousand  milej  which  would  result  in  a mission 
failure  for  an  entry  mission),  it  was  felt  by  JPL  and  AVCO 
that  enough  was  learned  so  that  it  should  now  be  possible  to 
design  a mission  with  a 30  value  of  8'-’,  This  would  result 
in  a nominal  entry  angle  of  c.8°  with  a maximum  design  entry 
angle  of  36°. 

For  out-of-orbit  mode,  we  find: 

1.  skip  Yg  i*  approximately  13°  for  » 16,000* sec. 

2.  the  3o  error  band  is  determinant  since  it  is  within  the 
state-of-the-art  to  assure  spacecraft  capture  into  some 
orbit-,  once  the  spacecraft  has  been  captured,  it  is  readily 
possibly  (by  checking  the  orbit  through  telemetry  signals) 
to  tune  the  orbit  until  the  design  orbit  is  achieved. 

Knowing  the  exact  relationship  between  Mars  ana  the  orbit, 
the  entry  vehicle  can  he  -elected  to  enter  the  atmosphere 
within  a 2°  3o  value.  This  would  result  in  a nominal  entry 
angle  of  15°  with  a maximum  design  angle  of  17° • 
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The  following  paramete-  b — loads  and  heating,  landing  footprint, 

and  aerodynamic  braking indicated  on  figure  IV-U  are  related  to  this 

entry  angle  accuracy.  As  mentioned  previously,  the  lower  the  entry 
angle,  the  lower  the  loads  and  greater  the  energy  consumed  in  aero- 
dynamic braking.  For  example  a straight-in  entry  (y^  = 90°)  would 
result  in  the  entry  vehicle  being  at  a high  supersonic  speed  when  it 

closes  in  on  the  Mars  surface thus,  making  a landing  extremely 

difficult  if  rot  impossible.  Scientists  prefer  small  landing  foot- 
prints as  they  like  to  pinpoint  the  locations  for  their  experiments. 
Thus,  out-of-orbit  entry  mode  is  preferable  to  scientists  because  of 
the  small  entry  dispersion  angle  and  to  the  engineer  for  loads, 
heating,  and  velocity  conditions.  The  parameter  most  favoring  the 
direct  entry  approach  is  cost.  Assuming  that  it  is  possible  to  target 
a vehicle  from  Earth  to  hit  the  planet,  a high  energy  impact  mission 
could  he  carried  out  at  less  cost  because  there  would  he  no  need  for 
an  orbiting  spacecraft  nor  for  the  additional  propulsion  weight 
necessary  to  effect  orbit.  Thus,  a smaller  launch  vehicle  could  he 
utilized  and  costs  could  be  reduced  all  along  the  line. 
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New  Headquarters  Guideline — Lander  in  1973 


On  March  9,  1966  a meeting  of  the  Voyager  Steering  Committee  was 
held  attended  by  representatives  of  Langley,  JPL,  and  Washington 
Headquarters,  OSSA.  OSSA  stated  that  since  1971  mission  had  been 
cancelled  that  sufficient  time  was  available  to  pursue  a landing 
mission  in  1973  to  conduct  surface  experiments  and,  thus,  to  skip  the 
Probe  mission  altogether — the  mission  that  AVCO  had  Just  completed 
studying  per  OSSA's  instructions.  Again,  Headquarters  edicted  a major 
mission  change  without  technical  input  from  the  Centers  and  the  blanket 
claim  there  is  "sufficient  time"  is  not  substantiated.  Thus,  JPL  and 
Langley  were  instructed  to  carry  out  a scientific  lander  mission 
without  benefit  of  the  prior  Engineering  mission  which  was  planned  to 
obtain  design  data  for  the  lander  mission. 

JPL  expressed  the  opinions  "that  the  resources  and  time  available 
do  not  comply  with  the  guidelines — and  that  the  OSSA  mission  proposed 
for  1973  is  too  ambitious."1*  Langley  stated  that  "the  guidelines  were 
premature"^  and  should  be  subjected  to  more  study.  In  his  memorandum 
of  the  meeting,  Mr.  Kilgore,  Langley,  noted  that  "JPL,  in  their  role 
as  a contractor,  reacts  to  OSSA  guidelines  as  somewhat  hard  end  fast 
requirements,  which  are  subject  to  a minimum  of  question  and  changes. 
LRC  could  make  a major  contribution  to  the  Voyager  Program  by  studying 

and  defining  a series  of  missions  for  OSSA,  which  we  feel  would  more 

c 

logically  focus  on  an  end  objective." 

** * ^Memorandum  to  Associate  Director  from  Chief,  Flight  Vehicles 
and  Systems  Division,  March  lU,  1966 
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In  accordance  with  the  above,  Langley  held  a meeting  of  its 
PMTSC  and  decided  that  "LRC  should  pursue  an  in-house  study  aimed  at 
evolving  a logical  Voyager  sequence.  A completion  date  of  about 
September  1,  1966  was  suggested  so  that  the  task  results  could  influence 
the  selection  of  the  mission  mode  of  the  1973  Voyager."^  The  study 
would  use  the  parametric  data  developed  under  the  AVCO  contract  as 
a base.  Dr.  Roberts  would  be  program  manager  and  I was  assigned  the 
project  engineer  responsibility.  For  the  next  several  months,  this 
was  my  prime  responsibility — defining,  delegating,  directing  and 
integrating  tasks  throughout  the  Center  to  define  a rational  Voyager 
mission  sequence.  This  study  was  primarily  carried  out  by  the  FVSD 
team  under  my  direction  with  Research  Division  personnel  used  in  a 
consultant  capacity;  of  course,  close  contact  was  maintained  with 
Dr.  Roberts  and  Mr.  Kilgore.  Thus,  while  JPL  was  attempting  to 
define  the  1973  mission  in  terms  of  hardware,  Langley  was  mainly 
involved  in  evaluating  the  broader  problem  in  addition  to  pursuing 
the  parachute  development  program  which  AVCO  h d identified  as  the 
major  problem  area.  It  should  be  noted  that  Headquarters  did  not 
take  issuance  with  Langley  proceeding  with  an  in-houae  atudy  to 
define  a sequence  of  missions;  further,  Headquarters  stated  that  it 
welcomed  the  assistance  of  Langley  in  this  regard.  Thus,  there 
remained  a doubt  of  how  "hard"  the  lander  guideline  was. 


7 

Minutes  of  the  eleventh  meeting  of  the  Planetary  Missions  Technology 
Steering  Committee,  April  15,  1966 
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Engineering  Study  of  Entry  System 

This  section  vill  be  devoted  to  the  methodology  developed  for 
the  engineering  systems  synthesis  performed  by  the  technical  staff  to 
carry  out  the  directions  of  the  PMTSC. 

As  can  be  recalled,  the  problem  was  one  of  defining  of  the  basic 
parameters  (weights  and  diameters)  of  the  Capsule  Bus  which  would  be 
compatible  with  OSSA  science  guidelines  for  Voyager  missions  1971 
through  1977.  The  terminology  to  be  used  is  illustrated  on  figure 
IV-6  and  is  broken  down  into  the  following  main  elements: 

1.  Capsule  Bus — this  is  the  entire  vehicle  separated  from  the 
spacecraft  in  orbit  including  the  subsystems  needed  for  the  deorbit 
maneuver  and  to  protect  the  vehicle  against  contamination  from  micro- 
organisms. 

2.  Entry  Vehicle — this  is  the  vehicle  that  enters  the  Martian 
atmosphere  and  takes  the  entry  structural  and  heat  loads — the  capsule 
bus  minus  the  deorbit  motor,  adapter,  and  sterilization  canister. 

3.  Delivered  System— this  is  the  package  delivered  to  the 
surface  of  Mars  after  separation  from  the  heat  shield.  It  includes 
the  science  ntokage  and  supporting  subsystems . 

The  block  diagram  illustrating  the  engineering  systems  synthesis 
performed  is  shown  on  figure  IV- f.  There  «*re  three  basic  inputs: 

1,  Entry  vehicle  parameters — the  entry  angle,  entry  velocity  and 
drag  coefficient  are  fixed  constants ; the  ballistic  coefficient  and 
entry  vehicle  diameter  are  given  parametrically  through  the  range  of 


SHIELD  SEPARATION  CONDITIONS 


Figure  IV-7. — Block  diagram- weights  synthesis. 
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interest  to  cover  all  weights  and  sizes- 

2.  The  allocation  of  science  weights  for  missions  1971  through 

1977. 

3.  The  allocation  of  bus  capsule  weights  for  missions  1971  through 

1977. 

Twelve  cases  (3  diameters  with  4 ballistic  coefficients)  are  run 
through  the  trajectory  program  which  outputs  the  heat  shield  separation 
conditions  for  design  of  the  parachute,  the  loads  on  the  heat  shield 
for  itb  design,  and  the  entry  weight  which  is  obtained  by  solving 
the  m/C^A  for  each  parametric  value  of  m/C^A  and  diameter  as 
follows : 

Tafce  m/C  A * 0.20 

U 

a » n d2/u 

A * square  feet  (for  D ■ 10  feet) 

m - 0.20  C .A  • 0.20  (1.5)  78 
& 

* 23.6  slugs 

Wj,  « mg  ■ 23.6  * 32.2  ■ 760  pound b 

This  is  the  minimum  entry  weight  Investigated;  the  maximum 
weight,  corresponding  D • 19  fact  and  m/C^A  ■ 0.35»  is  U800  pounds. 

The  output  from  the  trajectory  program,  thus,  furnishes  the  basic 
input  for  calculating  the  weights  of  the  other  subsystems,  i.e., 
the  loads  plus  entry  vehicle  diameter  are  sufficient  t"  define  the 
heat  shield  weight,  separation  conditions  plus  delivered  weight 
define  the  parachute,  etc.  From  various  scaling  lavs,  the  net  weight 
available  for  science  and  total  flight  capsule  weight  ore  obtained 
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for  each  of  the  twelve  parametric  vehicles  studied.  These  values  can 
he  then  compared  to  the  weights  allocated  and  a delta  value  noted. 
These  data  can  then  be  examined  to  find  the  best  fit  for  the  various 
missions  and,  in  addition,  can  be  used  to  assess  the  weight  penalties 
associated  with  standardizing  various  subsystems  through  a range  of 
missions. 
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Exogenous  Event a Related  to  Voyager  Program 

During  1966,  several  events  occurred  outside  the  mainline  of 
Voyager  activity  which  greatly  influenced  the  future  flow  of  events  in 
the  development  and  management  of  the  Mars  lander  program. 

In  March,  the  American  Institute  of  Aeronautics  and  Astronautics 
(AIAA)  sponsored  a technical  meeting  in  Baltimore  with  the  title 
"Steppingstones  to  Mars."  The  meeting  was  chaired  hy  Mr.  Carlos  de 
Moreas  of  the  Martin  Company.  Papers  were  presented  hy  industry  and 
NASA  centers — Dr.  Roberts  presented  a paper  which  addressed  the  land- 
ing problem,  identified  the  critical  parameters,  and  discussed  the 
trade-offs  which  would  be  necessary  to  define  a mission  mode.  The 
meeting  was  well  received  by  industry.  In  informal  meetings,  we 
(Roberts,  Anderson,  McNulty)  vere  approached  by  Martin  Company 
representatives  who  stated  that  they  were  initiating  a large  company 
funded  effort  and  would  make  the  results  available  to  us  for  review 
and  guidance.  The  informal  arrangement  worked  to  the  mutual  advantage 
of  industry  and  Government;  we  obtained,  in  effect,  additional 
technical  data  and  the  Martin  Company  received  the  necessary  direction 
to  obtain  expertise  in  a technology  new  to  them. 

In  June,  JPL  landed  the  first  Surveyor  on  the  moon.  The  chief 
technological  achievement  of  interest  to  us  was  that  the  terminal 
retropropulslon  soft  landing  technology  was  "in  hand."  The 
remaining  mission  elements  vere  not  compatible  with  Mars  applications 
because  of  many  differences t 
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1.  the  direct  entry  mode  to  the  Mcon  could  not  be  extended  to 
a Mars  application  because  the  emphemeris  of  the  Moon  vas 
well  defined. 

2.  the  fact  that  the  moon  has  no  atmosphere  changed  the  entry 
problem  completely.  There  vas  no  need  for  a heat  shield  to 
protect  the  instrument  pack fge  and  there  vas  no  unknown 
aerodynamic  braking  to  contend  with.  Thus,  the  propulsion 
could  bs  defined  vith  accuracy  and  all  events  timed  precisely. 

3.  In  summation,  it  was  a "deterministic"  mission. 

The  success  of  the  soft  landing  terminal  phase  revised  our 
thinking  to  consider  how  to  utilize  the  technique  in  conjunction  vith 
a heat  shield  and  a parachute. 

In  August,  Langley  successfully  orbited  a spacecraft  (Lunar 
Orbiter  I)  around  the  moon  to  carry  out  extensive  TV  mapping  in 
preparation  for  the  selection  of  Apollo  landing  sites.  While  the 
mission  was  also  deterministic  like  Surveyor,  three  items  of  interest 
were  noted: 

1.  Langley  demonstrated  capability  in  unmanned  planetary 
flights  — no  longer  did  JPL  have  a monopoly  in  this  area. 

2.  the  program  vas  a "model"  program  in  that  it  utilised  a 
small  Langley  staff  in  conjunction  with  a major  contractor 
(Boeing)  — pleasing  HA Bk  Headquarters,  Congress,  and 
Industry. 

3.  Schedule  and  costing  difficulties  vers  "minimal"  compared 
vith  Surveyor— Langley  management  ability  vas  demonstrated. 
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In  the  late  fall,  Langley,  In  Its  research  program,  successfully 
deployed  three  parachutes  in  the  upper  altitude  (above  120,000' ) 
simulating  Martian  density.  For  the  first  time,  it  became  known  that 
parachutes  could  be  deployed  in  a low  dynamic  pressure  environment. 

Two  flight.',  were  rocket  launched  and  deployed  at  Mach  numbers  near 
1.5  and  a dynamic  pressure  of  eleven  pounds  per  square  foot.  One 
flight  was  balloon  launched  demonstrating  deployment  in  the  wake  of 
a large  cone  (simulating  a Mars  entry  vehicle);  this  deployment  was 
initiated  at  a Mach  number  near  1.2  and  a dynamic  pressure  of  6 
pounds  per  square  foot.  While  the  test  data  on  drag  values  did  not 
prove  conclusively  that  a parachute  could  meet  all  mission  objectives, 
the  results  vere  very  encouraging  that  Langley  was  on  the  right  track 
in  the  development  of  parachutes. 
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Results  of  Langley  In-House  Voyager  Study 

In  August,  I reported  the  results  of  the  Langley  in-house  study 
to  the  Planetary  Missions  Technology  Steering  Committee.  Dr.  Roberts 
requested  that  I make  the  presentation  because  he  realized  the  work 
was  primarily  that  of  the  FVSD  staff  and  that  he  desired  not  to 
compromise  his  position  of  chairman  of  the  PMTSC.  The  study,  carried 
to  substantial  depth,  included  analyses  of  the  entry  vehicle  size,  use 
of  parachutes  in  conjunction  with  a terminal  retro  system  for  final 
phase  landing,  standardization  of  mode  and  subsystems  for  future 
missions,  efficiency  weight  studies  of  various  concepts,  and  a 
rational  sequence  of  Voyager  missions  throughout  the  1970's  to  Met 
the  end  objective  of  landing  an  automated  biological  laboratory  on 
Mars  in  1979* 

The  study  made  the  following  firm  conclusions: 

1.  Selection  of  a 19-foot  cone,  maximum  diameter  compatible  with 
shroud,  as  the  entry  vehicle  because  it  furnishes  the  maximum 
aerodynamic  braking  for  the  first  entry  phase.  It  was 
further  recomsended  that  the  cone  be  standardised  (designed 
for  the  later  heavier  missions  and  off-loaded  in  the  first 
missions)  in  order  to  minimise  costs  of  design  and  flight 
quel?  .ying  a number  of  differing  entry  vehicles.  The  weight 
cost  of  standardising  was  detexmined  to  be  minor  and  deemed 
a small  price  to  pay. 


2.  Use  of  a parachute  for  landing  in  tie  first  mission  and  to 
furnish  a transition  mode  (as  well  as  serving  as  the  means 
of  removing  the  landing  package  from  the  cone  and  furnishing 
efficient  aerodynamic  braking)  betveen  the  cone  mode  and  the 
cerminal  landing  retro  mode  in  later  missions.  This  vas  the 
first  timr  a parachute  had  been  proposed  as  a transition 
mode  and  it  allowed  a common  delivery  mode  (cone,  parachute, 
retro)  throughout  the  four  planned  Voyager  missions  to 
maximize  standardization.  An  all  retro  1 aiding  system 
similar  to  Surveyor  was  studied  and  discarded  for  technologi- 
cal reasons  as  will  be  discussed  in  the  next  section. 

3.  Identified  a ballistic  number  (function  of  weight)  of  0.20 
fox  the  first  mission  which  was  compatible  with  a Mach  1.2 
parachute  deployment  and  a ballistic  number  of  0.32  for  the 
1979  mission  whic.  would  require  a Mach  1.6  parachute. 

U.  Described  a mission  sequence  for  1973,  1975*  1977,  and  1979 
which  allowed  for  a buildup  of  technology  with  minimum  risk. 

A probe  mission  vas  recommended  for  1973  to  obtain  the 
necessary  data  for  tbe  later  lander  missions — it  should  be 
noted  that  this  recommendation  gone  counter  to  the  088A 
guideline  for  the  1973  mission. 

Figure  IV-8  Illustrates  the  basic  mission  mode  concept. 

The  study  report  vas  endorsed  by  the  IMT8C  and  vas  recognised 
thereafter  as  the  Langley  position  relative  to  Voyager  mode  and 
mission  sequencing.  The  work  vas  subsequently  condensed  and  published 
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as  Langley  Working  Paper  326,  Modal  and  Conceptual  Design  Comparisons 
for  the  Voyager  Capsule  by  James  F.  McNulty,  Daniel  B.  Snow,  and 
Leonard  Roberts.  The  study  was  a major  contribution  to  Langley's 
understanding  of  the  Voyager- Saturn  V program  anc1 , because  of  its 
prime  importance,  is  included  as  Appendix  IV-B. 
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High  Level  NASA  Meeting  on  Voyager  Mission  Mode 

Headquarters  OSSA  called  a high  level  meeting  on  short  notice  for 
September  26  to  discuss  the  Voyager  program  to  be  attended  by  the  heads 
and  staffs  from  OSSA,  OART,  JPL,  and  LRC.  Langley  was  represented  by 
Dr.  Thompson  (Director,  LRC),  Mr.  Kilgore,  Dr.  Roberts  and  me.  JPL 
was  represented  by  Dr.  Pickering  (Director)  and  senior  staff  Voyager 
Program  Office  members.  OSSA  was  represented  by  Mr.  Edgar  Cortright 
(Deputy  Director),  Mr.  Oran  Nicks  (Director  of  Lunar  and  Planetary 
Programs ) , and  Mr . Donald  Hearth  (Voyager  Program  Manager ) OART  was 
represented  by  its  director,  Dr.  M.  C.  Adams. 

I recall  with  some  degree  of  amusement  now  how  Dr.  Roberts  and  I 
scrambled  the  day  before  the  presentation.  As  Langley  had  not  as  yet 
committed  itself  to  any  mainline  responsibility,  it  was  difficult  for 
me  to  perceive  what  the  "message"  of  our  presentation  would  be. 

However,  there  wasn't  sufficient  time  for  us  to  think  or  worry  about 
that.  Dr.  Roberts  outlined  «he  vu-graphs  he  wanted — not  in  any 
particular  order  as  far  as  I could  determine  and  I got  busy  getting 
them  prepared,  typed,  reproduced,  and  made  into  vu-graphs.  As  a 
matter  of  fact,  we  had  the  Reproduction  Division  working  overtime 
that  night  to  get  our  work  done.  After  we  had  a miscellany,  to  me, 
reproduced,  we  adjourned  to  my  hone  where  my  wife  fed  us  while  we 
looked  over  the  data,  selecting  some  and  wastebasket ing  the  others. 
Finally,  Dr.  Roberts  had  a dozen  slides  he  was  satisfied  with  and  my 
daughter  stapled  the  copies  together  ou  the  dining  room  table.  After 
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Dr.  Roberts  left,  I examined  the  dozen  pages  and  I still  didn't 
under stand  — and  so  to  bed,  confused. 

At  the  meeting,  JPL  led  off  with  its  presentation  — colored 
slides,  the  whole  works,  pulled  from  their  files.  Their  presentation 
centered  on  their  "VPE-lU"  (Voyager  Project  Estimate)  which  was 
their  selected  mission  mode  for  the  1973  mission  and  it  was  well 
presented.  JPL's  mission  mode  is  presented  on  figure  IV-9. 

Basically,  it  is  all  propulsive  mode.  Ports  in  the  cone  open  to  allow 
the  retro  engines  to  fire  for  deceleration  purposes.  Next,  there  is 
a controlled  explosion,  more  or  less,  to  allow  staging  of  the  lander. 
Finally,  there  is  the  terminal  retro  landing  system.  JPL's 
presentation  was  honest  and  straightforward,  a section  of  their  report 
was  devoted  to  engineering  technological  problems  associated  with 
their  mission.  These  problems  consisted  of: 

1.  The  mechanics  of  designing  the  ports  so  that  the  outer  surface 
would  remain  smooth  through  reentry  thus  avoiding  discon- 
tinuities during  the  scaling  off  of  ablation  material  which 
could  cause  extreme  hot  spots  or  uneven  aerodynamic  loading. 
Also  involved  was  the  question  of  the  ablation  material 
melting  over  the  port  circumference  to  form  a solid  face 

so  that  the  ports  could  not  open. 

2.  The  details  of  staging  remained  to  be  worked  out  to  assure 
the  integrity  of  the  lander  science  and  operation. 

3.  Because  of  the  unknown  density  of  the  Martian  atmosphere, 
the  velocity  of  the  cone  at  initiation  of  retro  fire  was 
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unknown;  it  could  be  banded  by  a velocity  range  of  1+50-1100 
feet  per  second.  This  velocity  band  caused  two  problems. 

The  first  being  that  sufficient  fuel  for  the  1100  feet  per 
second  had  to  be  carried  all  the  way  to  Mars  with  a good 
possibility  that  most  of  it  would  be  a dead  weight  penalty. 

The  second  disadvantage  was  that  the  engine  would  have  to 
be  highly  throttable  with  complicated  electronics  to  assure 
the  correct  velocity  decrement  was  removed. 

As  JPL  made  their  presentation,  the  pieces  fell  into  place 
regarding  Langley's  dozen  slides.  Every  time  JPL  mentioned  a 
problem  area,  I’d  note  that  that  point  was  covered  in  one  of  our 
slides.  I could  hardly  believe  it;  I felt  that  I could  get  up  and 
make  a very  effective  presentation  with  the  same  data  that  previously 
made  no  coherent  story.  And,  if  I felt  that  way,  there  was  no  doubt 
what  Dr.  Roberts  could  accomplish.  For  the  first  time  in  1+8  hours, 

I relaxed  and  felt  very  comfortable. 

Langley's  presentation  followed.  As  I anticipated,  Dr.  Roberts 
made  a masterful  presentation.  He  quietly  started  off  describing  the 
R & D programs  which  Langley  was  conducting  to  support  Voyager.  Then 
he  branched  off  into  Langley's  system  studies  (the  work  reported  to 
the  PMTSC)  which  he  indicated  were  being  pursued  to  define  needed 
technology  areas  hut  just  might  also  have  some  application  to  the  modal 
problems  that  JPL  had  been  discussing.  First,  he  pointed  out  (with 
hard  data)  that  the  cone  diameter  might  better  be  19  feet  than 
l6  feet  to  obtain  about  50)1  more  aerodynamic  braking.  But  the  main 
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thrust  was  the  use  of  the  parachute  as  a transition  node  and  the 
accompanying  slide  (figure  IV-10)  from  the  presentation  was  devastating 
to  JPL's  presentation.  The  Langley  presentation  is  included  as 
Appendix  IV -C . 

Following  the  presentation.  Dr.  Pickering  (Director,  JPL)  made 
the  following  statement  to  the  group,  "I  know  now  why  we  were  asked 
to  this  meeting  — to  be  the  straight  man  for  Dr.  Roberts."  The 
meeting  was  all  in  good  humour  with  high  technical  content  but  the 
handwriting  on  the  wall  was  clear.  If  it  had  been  any  sort  of 
competition,  Langley  had  won  hands  down. 

Once  again  the  Langley  management  had  remained,  for  the  most 
part,  in  the  background  and  allowed  the  technical  staff  full  latitude. 
It  was  surprising  that  Dr.  Roberts  and  I could  prepare  a presentation 
for  a high  level  Washington  Headquarters  and  Center  Directors  meeting 
without  a "dry  run"  or  even  an  informal  review  at  the  Langley  level. 
Whether  it  was  a question  of  complete  faith  or  unsuspected  knowledge, 

I know  not  — but  it  certainly  was  effective  and  efficient. 


SUMMARY  OF  PARACHUTE  FUNCTIONS 


PROVIDES  TRANSITION  FROM  AERODYNAMIC  TO  PROPULSIVE  DESCENT 
PERMITS  COMMON  DELIVERY  TECHNIQUE  FOR  ALL  MISSIONS 
REDUCES  SENSITIVITY  TO  SURFACE  PRESSURE  VARIATIONS 
PERMITS  VERTICAL  APPROACH  TO  SURFACE 
LONGER  RESIDENCE  IN  LOWER  ATMOSPHERE  (DESCENT  TV) 

REDUCE  ENGINE  THROTTLEABILITY  FROM  10:1  TO  2:1 


Figure  IV-10. — Advantages  ox'  a parachute  for  Voyager 
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Center  Assignments  on  Voyager 

Throughout  1966,  NASA  Headquarters  wrestled  with  the  problem  of 
how  to  set  up  a management  structure  for  as  complex  and  large  as 
undertaking  as  Voyager.  Some  way  had  to  be  found  to  parcel  out  piece* 
of  program  to  all  available  Centers  and  then  to  integrate  and  manage 
the  pieces.  A Center  similar  to  OSMF's  Manned  Spacecraft  Center  at 
Houston  for  Apollo  would  nave  been  ideal  to  handle  the  overall 
project  control  — but  none  existed  for  unmanned  scientific  programs. 
JPL,  as  noted  previously,  was  a contractor  to  OSSA  and  Headquarters 
was  reluctant  to  have  a contractor  manage  RASA  Centers.  Langley  was 
primarily  research  oriented  with  only  a small  program  staff  and 
the  managing  of  large  program  like  Voyager  did  not  match  its  image  or 
resources.  Marshall,  an  OSMF  Center,  was  a much  closer  fit  in  size  and 
managership  capabilities  but  it  had  no  experience  with  interplanetary 
missions  technology.  Headquarters  proceeded  with  the  easy  part  of  the 
problem  — that  of  breaking  up  the  hardware  into  workable  pieces: 
orbiting  spacecraft,  launch  vehicle,  capsule  bus  (entry  and  landing 
vehicle),  surface  laboratory,  and  tracking  and  data. 

The  method  was,  of  course,  to  assign  these  pieces  (by  negotiation 
with  the  Center  Directors)  to  the  various  Centers  so  as  to  obtain  a 
best  mix  of  capabilities.  In  a study,  the  Harvard  Graduate  School 
of  Business  reported  on  this  situation: 

"Marshall,  of  course,  had  the  launch  vehicle.  Langley  was 
evidently  the  first  Center  to  be  considered  for  one  of  the  other 
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systems,  because  it  had  shown  Interest  and  gained  some  relevant 
experience  in  spacecraft  through  its  Lunar  Orbiter  program,  and  had 
done  reentry  aerodynamics  work  on  the  FIRE  project. 

"Much  of  the  debate  in  this  last  half  of  1966  centered  on  who 
was  to  get  the  lander  (capsule  bus)  portion.  This  was  acknowledged 
to  be  the  'Juicy  morsel'  of  the  program*,  technological  challenging 
and  scientifically  promising  ...  at  any  rate,  there  was  a complex 
series  of  proposals  back  and  forth  between  the  Centers  and  Head- 

g 

quarters  during  this  period." 

As  the  end  of  the  year  drew  to  a close,  NASA  Headquarters 
succeeded  in  committing  the  various  systems  to  the  Centers  while 
keeping  the  overall  management  for  the  time  being  under  OSSA 

a 

Headquarters.  In  a Memorandum  to  Distribution  for  all  Centers  on 
December  22,  Mr.  D.  P.  Hearth  announced  the  system  assignments  for 
Voyager.  Langley  was  assigned  the  capsule  bus  — "the  Juicy  morsel." 
This  was  met  with  enthusiast  by  the  Langley  who  had  been  working 
Voyager  problems,  it  was  thought  that  we  might  be  assigned  the 
orbiting  spacecraft  system  because  of  the  success  of  the  Lunar 
Orbiter.  Other  assignments  are  shown  on  figure  IV-11  which  is 
taken  from  the  Memorandum. 

The  management  structure  defined  by  Washington  Headquarters  for 
the  Voyager  Program  was  a very  complex  one  involving  several  Centers 
and  JPL  with  program  managership  responsibility  in  Washington.  With 
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Figure  IV-11.— Center  assignments  on  Voyager. 
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a very  complex  program  and  responsibility  scattered  from  coast  to 
coast,  the  task  of  integrating  and  communicating  appears  formidable. 
However,  an  aim  of  Headquarters  has  been,  for  some  time,  to  get  the 
Centers  to  work  together  better  and,  thus,  break  down  the  parochialism 
of  the  Centers.  Perhaps,  if  this  objective  could  be  accomplished,  it 
would  be  an  achievement  that  would  pay  great  dividends  on  future 
programs.  In  any  event,  the  structure  is  never  cast  in  concrete  and 
is  subject  to  change  if  future  events  indicate  that  will  not  be 
successful. 

The  work  of  the  technical  staff  in  carrying  out  the  broad  entry 
system  studies  is  believed  to  have  influenced  both  Headquarters' 
decision  to  give  the  capsule  bus  responsibility  to  Langley  and  Langley's 
acceptance  of  the  responsibility.  From  past  experience,  Langley  is 
cautious  about  undertaking  any  responsibility  without  good  assurance 
that  the  expertise  resides  at  Center  to  fulfill  its  obligations.  In 
addition  to  the  Langley  study  effort,  the  research  staff  proceeded 
with  timely  testing  of  the  parachute  which  put  some  realism  and 
belief  in  the  study  recommendations.  Regardless,  Langley  management 
showed  courage  by  accepting  the  responsibility  for  the  Capsule  Bus 
System  (the  "Juicy"  morsel)  because  it  was  an  extremely  large  under- 
taking for  a research  center.  It  is  not  obvious  that  the  tail  (project 
work)  wouldn't  be  wagging  the  dog  (research)— a position  that 
Langley  always  strove  to  avoid. 

On  the  other  hand,  JPL  charged  most  of  the  year  with  full 
responsibility  for  carrying  out  the  1973  mission,  concentrated  its 
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efforts  entirely  on  defining  a mission  and  examining  it  in  depth — this 
!^eant  that  JPL  couldn’t  cover  the  broad  Voyager  picture.  By  reacting 
strongly  to  changing  Voyager  '73  guidelines,  JPL  was  forced  to  select 
a mission  mode  early  in  the  year  and  then  analyze  it  in  depth.  It 
appears  that,  unfortunately,  JPL  selected  the  wrong  mission  mode  so 
that  a large  part  of  its  effort  of  analysis  has  little  utilization. 

In  its  behalf  it  must  be  said  that  JPL  had  the  '73  mission  responsibility 
which  was  a heavy  one  while  Langley  could  afford  to  be  loose.  The 
forcing  functions  of  a '73  launch  window  and  Headquarters'  directives 
together  with  responsibility  for  carrying  out  the  mission  might  well 
have  required  total  commitment  and  effort  toward  getting  the  1973 


mission  underway. 
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Voyager  Related  Personnel  Changes  At  Langley 

In  the  late  fall  in  anticipation  of  Langley  assuming  some  main- 
line hardware  responsibility  in  the  Voyager  Program,  Langley  manage- 
ment too*  the  first  step  toward  formalizing  a project  office  to  work 
on  Voyager.  Mr.  Dave  Stone  was  designated  as  the  Langley  focal  point 
for  Voyager.  He  set  up  a project  office  manned  by  5 engineers  from 
his  FIRE  Project  Office  plus  U engineers  on  loan  from  the  line  organi- 
zations (including  me).  I was  still  to  act  as  the  interface  between 
the  project  office  and  my  line  organization  as  much  Voyager  support 
vork  was  going  on  in  my  line  engineering  division.  Langley  stated 
they  would  officially  came  a "Capsule  Bus  System  Manager"  at  a later 
date. 

In  another,  unrelated  move.  Dr.  Roberta  left  Langley  to  accept  a 
position  of  Division  Chief  of  the  Mission  Analysis  Division  at  WASA- 
AMES.  I was  extremely  scry  to  see  La^igley  lose  his  talents  because 
although  analytically  oriented  he  had  an  appreciation  (if  not  an 
understanding)  of  engineering  hardware  and  was  extremely  apt  in 
defining  engineering/ research  progiams.  However,  with  the  switch  of 
Mars  lander  missions  from  study  to  hardware,  it  was  an  appropriate 
tine  for  Mm  to  move  to  other  pastures.  (He  is  currently  Director 
of  Aeronautics  at  Ames. ) 

Mr.  Gene  Love,  a leading  national  and  KASA  authority  in 
aerodynamics,  was  named  to  replace  Dr.  Roberts  as  chairman  of  the 
Planetary  Missions  Technology  Board. 
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Synopsis 

A synopsis  of  the  third  yeart  effort  could  he  tabulated  as 
indicated  below: 

1.  Completion  of  the  AVCO  contract  with  definition  of  a Probe 
Mission. 

2.  Hew  guideline  — lander  on  first  mission. 

3.  Langley  sets  up  study  group  with  broad  guidelines  to  define 
a rational  Voyager  program  and  mission  mode. 

b.  Surveyor,  Lunar  Orbiter  and  Langley's  parachute  program  have 
successful  missions. 

5.  Langley  completes  in-house  study.  Defines  mission  mode 
with  parachute  performing  as  a transition  function. 

6.  Headquarters  holds  top  level  review  of  Voyager  mission  mode. 
JH.  and  Langley  make  presentations. 

7.  Langley  awarded  Capsule  Bus  System  responsibility. 


CHAPTER  V 


VOYAGER  IMPLEMENTATION  AND  CANCELLATION  - .1.967 


Summary 


During  most  of  the  year.  Headquarters  and  the  Centers  were 
engaged  in  building  up  the  technical  and  managerial  staffs  to  carry 
out  the  Voyager  program.  The  organizational  arrangement  for  making 
binding  decisions  across  system  (or  Center)  responsibilities  was 
complex  and  multi-tiered;  rational  decisions  could  be  obtained, 
however,  with  perserverance  from  the  technical  staffs.  In  this 
period  of  organizational  buildup,  informal  inter-center  contacts  and 
working  relationships  were  established  which  allowed  the  technical 
work  to  proceed.  Langley  appointed  a Capsule  Bus  manager  in  June 
and  the  control  of  Langley's  effort  was  phased  to  his  project  office 
from  the  previous  technical  staff,  PMTSC,  and  Langley  line  management. 

Headquarters  also  set  up  an  inter-center  organization  — the 
Mariner  Mars  1971  Probe  Working  Group  — to  define  a probe  mission  for 
JPL's  1971  Mariner  mission  to  Mars.  This  mission  was  to  be  a precursor 
to  the  1973  Voyager  mission.  Langley's  contribution  in  this  effort 
was  primarily  that  of  a consultant  while  the  other  Centers  were  in 
competition  to  get  their  scientific  experiments  included.  While  the 
group  achieved  its  objective  of  defining  the  probe,  the  success  of 
this  experiment  to  achieve  and  demonstrate  inter-center  cooperation 
was  open  to  question. 
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When  Congress,  in  August,  disapproved  both  Voyager  1973  and  the 
Mariner  probe  in  1971.  Headquarters  OSSA  was  left  without  any  inter- 
planetary program  for  the  1970's.  OSSA  requested  the  Centers,  primarily 
Langley,  to  study  and  recommend  a less  costly  program  including  both 
Mars  and  Venus.  At  Langley,  the  only  group  with  a background  to 
respond  upon  short  notice  was  the  original  technical  staff  which  had 
worked  the  early  studies.  In  December,  Langley  presented  to  OSSA  its 
recommendations  for  a new  program  using  the  Titan/Cer.taur  launch 
vehicle  as  a base. 


Voyager 


Project  Organization 

The  Cent**"  Assignments  on  Voyager  were  given  in  the  previous 
chapter  (figure  IV-ll).  Briefly,  the  setup  was  for  OSSA  to  be  project 
manager  supported  by  a staff;  under  the  project  manager  were  seven 
systems  (capsule  bus,  spacecraft,  launch  vehicle,  etc.)  assigned  to 
various  Centers  and  directed  by  Center  system  managers.  The 
responsibility  of  the  Voyager  project  office  was  vast  including  such 
elements  as  defining  in  detail  the  entire  mission  so  that  the  various 
system  managers  could  proceed  with  their  individual  system  design 
and  procurements,  allocating  funds  and  weight  allowances  to  the 
various  systems,  coordinating  the  system  outputs  into  a unified  total 
vehicle,  data  keeping  and  reporting  on  entire  project,  and  making 
final  decisions  in  cases  of  dispute  between  Center  system  managers 
on  interfaces  and  responsibilities. 

In  order  to  implement  the  project  responsibilities , OSSA  set  up 
an  interim  project  office  (IPO)  at  the  Union  Bank  Building  in 
Pasadena,  California  where  it  could  draw  on  the  resources  of  JPL  which 
was  the  only  organization  with  the  capability  and  resources  able  to 
undertake  project  management  duties  in  this  interim  period.  The 
organisational  arrangements  were  extremely  complicated  and  are 
described  in  full  in  Appendix  V-A  (Langley  memorandum  to  the 
Associate  Director  from  Edwin  Kilgore,  Chief,  Flight  Vehicle  and 
Systems  Division  entitled  "Meeting  at  Pasadena,  California  on  March 
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22  and  23,  1967  at  JPL  to  organize  Interim  Project  office  for  Voyager 
Management”).  A simplified  schematic  of  the  organization  is  given 
in  figure  V-l.  As  can  be  seen  from  the  figure,  Mr.  Don  Hearth  was 
detailed  to  Pasadena  from  Headquarters  to  manage  the  IPO  and  was 
given  a staff  of  about  60  people  (mainly  JPL  personnel)  to  assist  him. 
The  key  decision  making  group  would  be  the  Project  Management 
Committee  where  the  various  Center  system  managers  could  be 
represented — since  Langley  had  not  appointed  a Capsule  Bus  Manager, 
it  was  represented  in  the  committee  by  Mr.  Kilgore  (Chief,  FVSD)  and 
Mr.  Stone  (Langley's  Voyager  focal  point).  This  committee  was  to 
meet  monthly  and  use  the  working  groups  and  panels  to  resolve  and 
advise  on  action  items.  While  figure  V-l  indicates  that  this  is  the 
way  the  organization  would  work,  the  descriptive  data  in  page  5 of 
the  aforementioned  memorandum  describes  a mode  not  in  keeping  with 
the  organizational  chart.  Mr.  Robillard  (JPL  head  of  the  IPO  staff) 
states  that  the  working  groups  "would  serve  for  the  IPO  as  a technical 
refree  among  systems."  Since  the  working  groups  were  chaired  by 
IPO-JPL  members,  it  was  not  clear  as  to  whether  the  working  groups 
were  not,  in  reality,  an  arm  of  IPO  rather  than  the  Project  Management 
Committee. 

Implementation  of  Voyager  Program 

Many  varied  activities  were  undertaken  by  Langley  and  other  Centers 
during  1967,  it  was  an  extremely  busy  and  complicated  time  for  all 
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Figure  V-l. — Voyager  project  office  organization. 
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(1)  technical  exchanges  by  the  technical  staffs  from  the  various 
centers  with  the  purpose  of  communicating  to  assure  that 
everyone  was  working  the  same  problem. 

(2)  formal  meetings  at  working  group  levels  where  JPL,  acting  as 
the  coordinating  arm  for  OSSA,  attempted  to  define  guide- 
lines, schedules,  and  obtain  interface  agreements. 

(3)  directives  from  OSSA  to  all  Centers  specifying  guidelines. 

(4)  meetings  of  the  Project  Management  Committee  wherein  final 
binding  decisions  were  arrived  at. 

(5)  large  increases  in  the  project  and  research  staffs  at  Langley 
which  tended  to  confuse  communications  and  the  lines  of 
authority  during  the  learning  period. 

The  Voyager  program  at  the  start  of  the  year  could  be  described, 
with  some  simplification,  as  follows.  OSSA,  with  JPL  staff  support, 
was  project  manager;  Langley  was  Capsule  Bus  Manager;  Marshall  was 
Launch  Vehicle  and  Orblter  Manager;  and  JPL  was  Surface  Lab  System 
Manager.  The  mission  mode  was  not  defined  nor  was  the  responsibility 
for  its  definition.  The  problem  that  concerned  Langley  as  Capsule 
Bus  Manager  was  how  much  freedom  did  Langley  have  in  the  Capsule  Bus 
System  definition.  Could  Langley  define  the  Capsule  Bus  moo  from 
separation  to  landing  or  did  OSSA,  with  JPL,  dictate  this  as  a mission 
requirement  to  Langley?  A second  item  concerned  the  weight  allctment 
for  the  Capsule  Bus  System.  How  would  this  be  determined  and  how 
tight  would  be  its  restraining  force  on  Langley's  design? 
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The  organization  at  Langley  at  the  start  of  the  year  with  respect 
to  Voyager  is  shown  in  figure  V-2.  As  indicated  by  the  figure,  there 
were  three  types  of  activities  underway.  Twenty  engineers,  under 
E.  C.  Kilgore,  were  working  on  design  problems  in  engineering  under 
my  direction;  nine  engineers  were  engaged  in  project  coordination 
under  D.  G.  Stone;  and  approximately  60  research  engineers  were  engaged 
in  technology  development  with  funding  and  results  channelled  through 
D.  G.  Stone.  Both  Kilgore  and  Stone  were  members  of  the  powerful 
Voyager  Project  Management  Committee  as  noted  previously.  The  Kilgore 
and  Stone  activities  operated  somewhat  independently;  Kilgore's 
group  was  primarily  concerned  with  technical  design  aspects  while 
Stone's  effort  was  mainly  coordination  with  other  Centers,  OSSA,  and 
research  activities — for  example,  the  intercenter  working  groups, 
panels,  and  project  documentation  were  under  Stone's  cognizance.  My 
efforts  were  divided  between  Kilgore's  and  Stone's  as  I was  assigned 
to  both,  more  or  less  on  a "as  required  basis." 

In  the  engineering  activity,  my  assignment  was  to  firm  up  the 
Langley  concept  of  the  Capsule  Bus.  Our  OSSA  guideline  was  to 
consider  maximum  commonality  of  subsystems  in  the  planned  missions 
growing  to  a maximum  7000  pound  capsule  bus  and  that  "the  impact 
of  providing  such  growth  on  early  missions  is  required  to  permit  the 
proper  decisions  on  design  approach."^  My  studies  revealed  that  in 
order  to  obtain  the  maximum  commonality  among  the  missions  to  assure 

^OSSA  memorandum,  Don  Hearth,  January  18,  1967. 
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Figure  V-2. — Langley  Voyager  organization,  January,  1967 
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minimum  developmental  costs,  the  Capsule  Bus  allocated  weight  in 
1973  should  he  set  at  6000  pounds. 

My  efforts  in  support  of  Stone's  office  was  in  two  related  areas. 
The  first  was  to  be  a lead  Langley  representative  in  purely  technical 
exchanges;  three  such  exchanges  were  held — JPL  at  Langley  on  January 
11,  Marshall  at  Langley  on  February  1,  and  Langley  at  JPL  on  February 
13.  Langley's  position  regarding  these  meetings  was  for  a free  and 
frank  exchange.  The  meetings  were  attended  by  solely  the  working 
engineers  and  were  most  productive.  The  contacts  made  at  these 
meetings  allowed  for  a continuing  dialogue  between  working  personnel 
by  telephone  calls  and  memorandums  to  assure  proper  technical 
interfaces.  The  second  area  involved  my  membership  in  inter-center 
working  groups  wherein  all  Centers  attended  and  the  meetings  were 
chaired  by  a JPL  staff  member.  The  main  emphasis  in  these  meetings 
was  on  project  management  matters—definition  of  interfaces,  system 
requirements,  schedules,  documentation  and  progress  reporting.  JPL, 
in  it 8 assumed  role  of  acting  foi  OSSA  as  project  manager,  was 
attempting  to  define  the  1973  mission  and  pushed  hard  for  Langley  to 
concentrate  on  an  all  propulsive  lander  with  a U000  pound  weight 
allocation.  These  criteriae  were  essentially  those  proposed  by  JPL 
in  the  VPE-lU  document  which  were  questioned  by  Langley  previously. 
Since  Langley's  recommendations  were  for  a 6000  pound  weight  allocation 
and  a parachute-retro  landing  system,  these  meetings  were  somewhat 
unproductive  except  for  pointing  up  problem  areas.  My  instructions 
upon  attending  these  meetings  was  to  cooperate  as  fully  as  possible  but 
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not  to  commit  Langley  to  any  position  which  would  limit  its  option 
insofar  as  the  Capsule  Bus  was  concerned — any  broad  inter-system 
decisions  should  be  made  by  the  Voyager  Project  Management  Committee. 

Despite  the  division  of  responsibilities  between  Stone's  and 
Kilgore's  groups,  there  was  some  conflict  between  members  of  the 
respective  technical  staffs.  No  longer  was  the  FVSD  group  the  prime 
force;  in  matters  of  day  to  day  management,  it  supported  Stone's 
office  which  was  manned  by  Stone's  men  from  "Fire."  This  concerned 
those  members  of  the  FVSD  staff  who  had  hoped  to  be  implementers  of 
any  follow-on  program  to  the  study  work.  Members  of  Stone's  staff 
were  also  uneasy  because  their  knowledge  of  Mars  missions  was  not  yet 
equivalent  to  FVSD’s  staff.  The  hope  of  the  FVSD  staff  to  be  main 
implementer  was  not  a realistic  one  in  that  it  lacked  experience  with 
big  projects.  That  the  FVSD  staff  had  an  opportunity  to  contribute 
directly  through  Mr.  Kilgore  to  the  Voyager  Project  Management 
Committee  was  an  extenuating  motivation  which  kept  the  group's 
performance  at  a high  level. 

The  working  relationships  outlined  above  remained  in  force  through 
the  first  half  of  the  year.  On  June  23  Langley  Director  Floyd  Thompson 
announced  that  Mr.  James  S.  Martin  would  he  Manager,  Capsule  Bus 
System.  Mr.  Martin  had  been  Asoiatant  Manager,  Lunar  Orbiter  Project 
Office.  Logical  reasons  for  Mr.  Martin's  appointment  were: 

(1)  Mr.  Martin  and  the  Lunar  Orbiter  team  had  proven  manageshlp 
and  hardware  capability. 

(2)  A much  enlarged  team  was  required  and  the  Lunar  Orbiter 


staff  was  available 
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(3)  The  previous  technical  staff  had  performed  its  function  of 
expertise — the  defining  of  the  program  which  was  now  ready 
for  hardware  execution. 

(U)  A transfusion  of  "new  blood"  would  furnish  new  ideas  and 
fresh  enthusiam — the  previous  staff  had  already  worked  the 
problem  for  four  years  and  was  susceptible  to  going  stele. 
Although  this  decision  was  expected  from  rational  considerations 
(other  possible  candidates  were  Kilgore  and  Stone),  it  further  de- 
flated FVSD's  role  to  a sapport  basid  and  members  of  the  FVSD  staff 
began  to  look  t.o  Venus  seriously.  Mr.  Martin  would  be  assisted  by  a 
3taff  of  five  engineers  from  the  Lunar  Orbiter  Office  immediately 
with  the  plan  that  the  remaining  Lunar  Orbiter  staff  of  approximately 
25  engineers  would  be  assigned  to  Mr.  Martin  upon  the  completion  of 
the  Lunar  Orbiter  project  in  September.  Therefore,  Langley's 
Voyager  organization  was  revised  as  shown  in  figure  V-3  with  Messrs. 
Kilgore,  Stone,  and  Martin  as  memoerd  of  the  Voyager  Project  Manage- 
ment Committee.  Mr.  Martin's  appointment  brought  strong,  aggressive, 
and  capable  leadership  to  the  Capsule  Bus  System;  there  was  no  doubt 
that  Langley's  decisions  regarding  Voyager  would  be  made  principally 
by  him. 

It  was  soon  evident  how  Mr.  Martin  planned  to  manage  the  Capsule 
Bus  System.  He  planned  to  rely  principally  on  his  proven  and  known 
Lunar  Orbiter  Staff  for  project  implementation;  he  planned  to  use 
Kilgore's  teem  (under  my  direction)  as  consultants  and  advisers  to 
bring  his  staff  up  to  speed;  and  he  planned  tight  control  of  the 
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Figure  V-3. — Langley  Voyager  organ! tat ion,  June,  19^7 • 


funding  to  Mr.  Stone  to  assure  that  the  research  was  properly  oriented 
to  his  needs.  Even  in  the  period  before  Lunar  Orbiter  was  closed 
out,  he  was  at  work  getting  the  Lunar  Orbiter  staff  familiar  with 
the  Voyager  project. 

Prior  to  a meeting  of  the  Voyager  Project  Management  Committee,  I 

o 

prepared  a memorandum.'  summarizing  the  implications  of  the  weight 
allocation  for  the  < apsule  Bus  this  memorandum  was  based  on  the 
studies  performed  by  the  FVSD  staff.  I was  asked  by  Mr.  Kilgore  to 
brief  Mr.  Martin  and  Mr.  Donlan  (Deputy  Director)  on  these  study 
results.  I did  so  in  an  informal  meeting  and  found  Mr.  Martin 
Impressive  in  his  grasp  of  the  salient  points  even  though  be  did  not 
have  the  background  to  understand  the  technical  details.  Following 
the  Voyager  Project  Committee  Meeting,  OSSA  issued  a memorandum 
of  "Revised  Project  Level  Guidelines"  dated  July  10,  1973  which 
allocated  a Capsule  Bus  weight  of  6000  pounds.  This  was  an  important 
Project  decision  and  again  backed  up  Langley's  recommendation.  I 
drew  two  conclusions  from  this  decirlon.  One  was  that  JPL  had  again 
spent  many  hours  trying  to  define  the  wrong  mission  and  force 
agreement,  and  the  second  was  that,  if  one  was  firm  and  perservering, 
the  engineering  staff  could  make  an  impact  at  the  highest  level  to 
change  the  course  of  a project. 


^Memorandum  to  LRC  Representatives  on  Voyager  Management  Cossaittee, 
J.  F.  McVulty,  June  19,  19^7,  "Capsule  Bus  Weight  Allocation, 

1973  - 1975.” 
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Cancellation  of  the  Voyager  Program 

In  late  August,  Voyage.*  was  cancelled  to  the  complete  surprise  of 
NASA  and  to  the  engineers  working  on  it.  Only  a couple  of  weeks 
previously,  a joint  House-Senate  Conference  Committee  had  approved 
a Voyager  authorization  of  h?  million  dollars  for  prelimina. y design. 
Washington  OSSA  Headquarters  had  been  working  closely  with  Congress — 
particularly  Rep.  Karth  (Minnesota ) , vead  of  tne  House  Space  Committee 
who  was  one  of  Voyager's  most  powerful  supporters — and  thought 
Voyager  approval  was  assured.  However,  the  House  Appropriations 
Committee  rejected  all  appropriations  for  Voyager. 

While  it  is  un'/nown  whether  the  Vietnam  wc.r  and  the  summer  riots 
would  have  been  sufficient  driving  forces  to  cause  Congress  to  cancel 
Voyager  regardless,  there  was  another  factor  which  might  have 
influenced  the  decision.  I recall  that  in  the  early  summer  two 
engineers  from  Houston's  Manned  Spacecraft  Center  visited  Langley  for 
consultation.  They  were  directed  to  me  and  we  discussed  & manned 
flight  to  Mars.  Their  thinking  was  most  ambitious  and  preliminary;  it 
was  obvious  they  had  been  working  on  the  problem  only  a Bhort  time 
and  had  no  appreciation  of  the  landing  problem.  We  discussed  the 
problem  for  a short  time  and  they  left  expressing  their  appreication. 
My  feeling  was  one  of  amusement  end  wonder  that  they  could  even 
envision  such  a program  vlthout  serious  study;  I felt  it  would  be  a 
long  time  before  MSC  would  have  a serious  concept.  However,  in 
August  in  the  midst  of  the  Congressional  deliberations  on 
Voyager,  MSF  (a  OSMP  Center)  'ssued  a Request  for  Proposal  to  28 


i 
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companies  for  studies  of  manned  Mars  and  Venus  missions  stressing 
coordination  vith  Voyager  flights.  Thus,  OSMF  was  planning  "manned 
Voyager"  flights  at  time  when  OSSA  was  depicting  Voyager  as  an  unmanned 
scientific  mission.  This  astour.ied  Rep.  Karth  end  caused  some  confu- 
sion in  Congress  about  Voyt-g^r  being  a precursor  to  a manned  mission. 
Rep.  Karth  stated,  "Very  bluntly,  a manned  mission  to  Mars  or  Venus 
by  1975  or  1977  is  now  and  always  has  been  out  of  the  question — and 
pnyone  who  persists  in  this  Kind  of  misailocaticn  of  resources  at 

O 

this  time  is  going  to  be  stopped. In  any  event,  the  House  cancelled 
both  Voyager  and  MSC's  planned  study. 


William  J.  Normyle,  "Priority  Shift  Blocks  Space  Plans,"  Aviation 
Week.  Sept.  11,1967,  p.  27. 
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Mariner  Mars  1971  Probe 

In  a letter  dated  March  16,  Mr.  Oran  Nicks,  Acting  Director, 

Lunar  and  Planetary  Programs,  OSSA,  Washington  Headquarters  requested 
Langley's  participation  in  the  atmospheric  probe  mission  to  be 
included  in  the  Mariner  Mars  1971  project.  A Probe  Working  Group, 
chair  3d  by  OSSA,  was  to  be  established  made  up  of  representatives 
from  JPb,  Langley,  An»s  *nd  Goddard  with  the  objective  of  defining 
the  probe,  its  mission  definition,  its  instruments,  and  its  development. 
I was  selected  ar  Langley's  representative  and  met  with  Mr.  Donlan 
and  Mr.  Kilgore  to  receive  instructions  regarding  Langley  policy 
with  respect  to  the  1971  probe.  I was  advised  by  Mr.  Kilgore  that  I 
was  selected  because  of  my  expertise  in  Mars  entry  probes  and  my 
knowledge  of  Voyager.  He  further  advised  that  I would  have  two 
main  duties: 

1.  to  try  to  influence  the  probe  definition  so  that  its  results 
would  be  applicable  to  the  Voyager  Capsule  Bus  design. 

2.  to  work  with  OSSA  as  a management  adviser  with  regard  to  JPL 
planning  since  it  was  expected  that  most  of  the  other 
representatives  would  be  scientists. 

Mr.  Donlan  cautioned  me  not  to  accept  any  "chores"  from  OSSA  and 
that  Langley  was  not  interested  in  any  hardware  development 
responsibility  for  the  Mariner  probe  since  it  was  heavily  committed 
to  Voyager  work. 


3-51 


At  the  group's  first  meeting  on  March  23,  Mr.  Nicks  made  the 
following  points: 

(1)  The  Probe  Working  Group  (PWG)  is  an  attempt  to  get  all  Centers 
working  together  in  the  decision  making  process  for  maximum 
utilization  of  resources  and  definition  of  objectives. 

(2)  The  probe  should  be  simple  so  as  not  to  compete  with  the 
Voyager  lander  and  objectives.  OSSA's  first  priority  is 
Voyager  so  Mariner  should  not  impinge  on  Voyager  perogatives. 

It  was  obvious  from  the  first  meeting  that  it  was  a very  diverse 
group;  opinions  varied  widely  as  to  both  the  *.ype  of  probe  and  to  the 
merits  of  various  instruments.  Five  meetings  (usually  two  days  in 
length)  were  held  from  March  to  August  and  were  quite  factious  in 
nature.  For  example,  JPL  proposed  an  ambitious  probe  which  incor- 
porated a small  lander  on  a parachute.  As  project  manager,  JPL 
thought  the  mission  was  viable  (although  risky)  and  would  give  the 
maximum  return.  The  scientists  from  Ames  and  Goddard  were  more 
interested  in  atmospheric  physics  and  wanted  emphasis  on  instruments 
and  scientific  data.  It  was  like  comparing  apples  and  oranges — JPL 
had  "engineered"  a mission  whereas  the  scientists  knew  what  data  they 
wanted  but  did  not  have  a mission  plan  to  obtain  the  data.  Since  the 
PWG  could  not  agree,  the  matter  was  "solved"  by  resorting  to  a vote 
by  the  Centers;  this  method  became  the  stend&rd  means  for  selecting 
between  alternative  options.  The  vote  was  three  to  one  for  a 

"dual  probe  approach  ...  without  survivable  landing."1*  My  sympathy 
— 

Final  Report,  Mariner  Mars  1971  Probe  Working  Group,  page  5* 


was  with  the  JPL  engineering  approach  but  I felt  I could  not  support 
it  because  of  its  possible  conflict  with  Voyager  objectives  and,  in 
any  event,  it  would  probably  require  Langley  technical  support  which 
I was  under  instructions  not  to  provide.  It  was  also  my  impression 
that  OSSA  was  using  this  forum  of  the  PWG  to  put  a rein  on  JPL  and 
its  approach  to  the  1971  mission. 

Most  of  the  other  meetings  were  concerned  with  the  selection 
of  instruments.  The  merits  of  which  were  debated  at  length  and  when 
it  was  evident  that  agreement  was  impossible,  among  competing  groups, 
a vote  was  taken  with  Langley  usually  being  the  "swing"  vote  which 
put  me  in  a very  uneviable  position  considering  my  lack  of  creden- 
tials. I tried  to  find  my  way  out  of  the  box  by  requesting  "scientific 
advisers"  from  Langley  to  help  me.  While  I got  some  help,  Langley 
management  wasn't  too  interested  in  the  whole  exerciBe  (perhaps 
recognizing  its  futility),  the  advisers  recognized  the  game  and  took 
a cautious  stance.  In  this  manner  the  PWG  obtained  its  objective  of 
defining  a probe  mission  and  its  instruments.  However,  the  objective 
of  getting  the  Centers  to  cooperate  was  not  ained— the  discussions 

were  competitive  in  nature,  very  little  coopei  cion  was  evident,  and 
relations  were  strained.  Dr.  George  Brooks  (Langley)  attended  a 
NASA's  Planetology  Committee  meeting  vhere  a presentation  was  made  of 
the  PWG  efforts;  the  report  noted  that  "there  has  been  considerable 
disagreement  among  the  representatives  of  the  various  Centers  on  the 
Working  Group  because  of  parochial  viewpoints  and  the  Group  might  be 
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disbanded."5 

The  PWG  effort,  in  any  event,  was  an  academic  exercise  because 
the  probe  funds  were  omitted  from  the  authorization  bill  in  order  to 
furnish  funding  for  Voyager  which  OSSA  considered  its  major  new 
start . 


of  the  Planetary  Mission*  Tech- 

1967. 


^Minutes  of  the  tventy-third  meeting 
nology  Steering  Committee,  July  20, 
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A N'*v  Start 


On  September  6 Langley's  Planetary  Missions.  Technology  Steering 
Committee  was  convened  with  a large  number  of  other  Langley  personnel 
in  attendance.  The  purpose  of  the  meeting  was  to  discuss  the  future 
of  NASA  planetary  unmanned  programs  to  Mars  and  Venus.  Quoting 
from  the  minutes  of  the  meeting:  "Mr.  Draley^,  Assistant  Director, 

Flight  Projects  explained  some  of  the  background  of  the  change  of 
direction  which  was  caused  by  a Congressional  cut  in  funds.  OSSA 
has  been  informed  that  the  cut  was  predicated  by  lack  of  funds  because 
of  other  higher  priority  programs  and  not  because  of  any  disapproval 
of  the  Voyager  Program.  Further,  OSSA  has  requested  assistance  from 
the  various  Centers  in  defining  a more  modest  program.  An  in-house 
informal  study  group  is  being  formed  with  the  objective  of  having  a 

*7 

project  concept  by  November  1,  1967,  for  submitted,  to  OSSA." 

Details  of  the  study  objectives  and  the  study  group  personnel  were 
released  on  September  6 and  the  announcement  is  included  as  Appendix 
V-B.  It  was  a very  ambitious  undertaking  including  the  following 
tasks : 

(1)  Defining  and  prioritizing  scientific  mission  objectives 
and  instruments  for  Mars  and  Venus. 


This  is  the  first  mention  of  Mr.  Lraley.  Previous  to  this  occasion, 
Mr.  Draley  was  the  responsible  person  in  the  Director's  office  for 
supervision  of  the  Lunar  Orbiter  Project. 

7 

Minutes  of  the  twenty-fifth  meeting  of  the  Planetary  Missions 
Technology  Steering  Committee,  September  6,  1967. 


(2)  Evaluating  payload  capability  of  all  launch  vehicle  systems 
smaller  than  the  Saturn  V. 

(3)  Preparing  a conceptual  spacecraft  design  for  each  selected 
launcn  vehicle. 

(4)  Costing  the  missions. 

(5)  Trading  off  alternatives. 

(6)  Recommending  system  to  NASA  Headquarters. 

To  perform  this  task  in  two  months,  a nev  organization  (ad  hoc)  was 
formed  with  Mr.  C.  H.  Nelson,  former  Lunar  Orbiter  Project  Manager, 
as  study  manager,  with  thirteen  working  groups  under  him  (a  total  of 
sbout  dO  engineers)  in  various  disciplines — for  example,  I was  head 
of  the  probe  definition  group.  The  structure  is  shown  on  figure  V-4; 
key  people  with  expertise  ir  Mars  and  Venus  mission  work  are  circled 
to  identify  them  for  the  reader. 

After  a short  period  of  time,  Mr.  Kilgore,  recognizing  the 
enormity  of  the  task  and  the  organizational  problems,  decided  to 
initiate  a parallel  effort  utilizing  his  Flight  Vehicles  and  Systems 
Division  (FVSD ) technical  staff  undar  my  direction  which  had  been 
working  Mars  and  Venus  problems  for  several  years.  Our  efforts  to 
make  a meaningful  contribution  was  enhanced  by  two  factors: 

1.  Mr.  Kilgore  kept  in  close  communication  with  his  OSSA 
contacts  which  he  had  engendered  during  his  stint  on  the 
Voyager  Project  Management  Committee  so  that  our  work 
would  be  compatible  with  OSSA  interests. 

Our  studies  were  restrained  to  only  Titan  based  vehicles  and 
science  was  only  included  to  a weight  allowance  depth. 


2. 
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Given  a new  lease  on  life  because  of  the  emergency  situation  which 
required  its  unique  expertise,  the  FVSD  staff  put  forth  a maximum 
effort  and  produced  two  definitive  studies  in  a four  month  period. 

The  first — Langley  Working  Paper  183,  "A  Building  Block  Approach  to 
Mars  and  Venus  Planetary  Missions  in  the  1975’ s Utilizing  a Modular 
Spacecraft" — was  a broad  examination  into  th^  flexibility  achievable 
by  varying  Titan  staging  for  various  Mars  and  Venus  mission  weight 
requirements.  The  second— Langley  Working  Paper  5l7 — "Study  of  Titan 
IIIF/Centaur's  Capability  to  Carry  Out  a 'Voyager-Type'  Mission"— 
analyzed  total  Mars  mission  systems  from  launch  to  touchdown  and 
concluded  "that  the  Titan  IIIF  with  a Centaur  upper  stage  provides 
the  performance  capability  to  allow  flexibility  of  mission  design  and 
logical  growth  from  a Mars  entry  probe  to  a soft  landed  surface  rover." 
(These  Langley  Working  Papers  are  included  in  the  Appendix:  LWP  183 

as  V-C  and  LWP  5^7  as  V-D.) 

The  actual  assignments  given  to  the  Langley  In-House  study  group 
fluid  to  the  FVSD  staff  were  formidable.  To  put  the  problem  in  the 
proper  perspective,  it  will  be  recalled  that  OSSA  had  requested 
Langley  to  propose  a "more  modest"  program  than  Voyager.  This  was 
taken  by  the  Langley  in-house  study  group,  at  the  start  of  Its  study, 
to  mesa  a mission  with  much  lesser  objectives  and  emphasis  was  put 
on  studying  the  follovlng  type  missions: 

(1)  Orbiting  spacecraft  only 

(2)  Direct  entry  capsule  (probe  or  hard  lander ) with  flyby 
spacecraft 
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(3)  Direct  entry  capsule  (probe  or  hard  lander)  with  orbiting 
spacecraft. 

It  was  the  policy  of  NASA  to  utilize  launch  vehicles  from  the  NASA 
stable — ny  developing  and  retaining  the  launch  vehicle  responsibility, 
NASA  could  retain  control  of  its  programs  without  dependence  on  the 
DOD.  With  the  cancellation  of  NASA's  Saturn  lB/Centaur  development, 
NASA's  launch  vehicle  stable  was  left  with  a large  performance  gap, 
.n.iofar  as  appiiable  to  lif.  -c  Missions,  between  the  Saturn  V a.id  the 
Atlas  Centaur  as  illustrated  by  figure  V-5;  DOD's  Titan  vehicle,  with 
various  staging  options,  could  provide  the  capabilities  shown  in  the 
shaded  portion.  Since  the  Saturn  V mission  was  now  disapproved, 
Langley' 8 problem  was  reduced  to  what  type  of  mission  could  be  per- 
formed with  the  Titan  or  Atlas/Centaur  launch  vehicles.  Before 
proceeding,  it  is  well  advised,  at  this  point,  to  review  the  parti- 
culars of  the  Saturn  V mission  in  order  to  grasp  the  magnitude  of  the 
problem.  Figure  V-6  shows  a typical  Saturn  V mission.  Of  the  68,000 
pounds  launched  toward  Mars  (53, COO  pounds  injected),  it  is  noted 
that  only  U,600  pounds  of  useful  payload  is  landed  on  Mars  after  the 
various  shroud,  orbiter  and  heat  shield  separations  together  with  the 
propulsions  burns  for  orbit,  de-orbit,  and  landing.  Since  the  Saturn 
V was  to  be  used  to  deliver  dual  spacecraft  to  Iters,  the  U,600  pounds 
landed  weight  represents  the  weight  available  for  two  soft  landers. 
Figure  V-7  shows  to  scale  the  comparison  between  the  Saturn  V and 
the  Titan;  this  comparison  gives  insight  into  the  meaning  of  a "more 
modest"  mission  and  the  problem  confronting  Langley. 
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Figure  V-7. — Saturn  V - Titan  comparison. 
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The  problem  as  defined  by  the  Langley  in-house  study  group  Is 
shovn  schematically  on  Figure  V-8.  This  biuok  diagram  could  be 
considered  a mathematicaj  model  of  the  progressions  from  launen 
weight  to  payload  weight.  For  each  candidate  launch  vehicle,  there 
would  be  (after  shi  oud  separation)  an  inject-  l weight  to  Mars 
representing  a spacecraft-capsule  combination.  Three  different  mission 
modes  are  possible  for  this  spacecraft-capsule;  tne  options  are: 

Option  1 — separate  the  systems  while  on  approach  so  that  the 
spacecraft  flies  by  Mars  while  the  capsule  makes  a 
direct  entry. 

Option  2 — separate  the  systems  on  approach  so  that  the  capsule 
makes  a direct  entry  and  the  spacecraft  is  orbited 
about  Mars.  Another  possibility  under  this  option 
would  be  to  use  the  entire  weight  available  for  an 
orbiter  and  have  no  capsule. 

ration  3 — Orbit  the  combination  and  separate  the  capsule  in 
orbit  for  an  entry  from  orbit  mode.  This  was  the 
Saturn  V Voyager  mi  scion  mode. 

For  each  of  these  options,  the  payload  weight  could  be  determined 
and  compared  with  the  various  scientific  alternates  so  as  to  guide 
the  decision  making  process.  As  can  be  surmised,  quantifying  the 
numerous  elements  represents  & major  undertaking  particularly  when 
such  a large  group,  with  many  members  nw  to  the  technology,  is 
involved.  For  example,  the  launch  vehicle  study  group,  a sub-element 
of  the  study  team,  analyzed  the  launch  vehicle  problem.  Its 
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Figure  V-8. — Block  diagram  for  Launch  Vehicle/Payload  Analysis. 


recommendation  was  that  Langley  "go  forwara  based  on  use  of  Atlas/ 

Centaur  providing  spacecraft  weight  could  perform  scientific 

objectives.  If  this  were  not  feasible,  then  the  group  recommended 

0 

use  of  the  Titan  II1C."  Two  conclusions  can  be  drawn  from  this 
recommendation : 

1.  The  group  was  making  a recommendation  without  knowledge  of 
the  mission  mode  or  the  requirr d payload  (scientific)  weight. 

2.  In  accordance  with  "more  modest  mission"  requirement,  the 
group  was  emphasizing  minimum  launch  vehicles. 

The  FVSD  staff  study  group  approached  the  problem  differently 
because  of  its  past  experience.  Its  previous  mission  mode  work  had 
convinced  the  group  that,  if  tne  launch  vehicle  would  allow,  the  best 
mission  node  was  to  orbit  the  spacecraft-capsule  combination  and  then 
release  the  capsule  for  an  out-of-orbit  entry.  The  staff  group 
then  formulated  the  following  technical  approach: 

1.  Investigate  the  capability  of  the  vehicle,  next  smaller  to 
the  Saturn  V in  performance,  to  perform  the  out-of-orbit 
mission  mode.  This  restrained  the  problem  to  the  Titan/ 
Centaur  which  was  still  'more  modest"  than  the  Saturn  V. 

2.  Investigate  the  problem  from  a "systems"  viewpoint  wherein 
constant  feedbacks  would  be  monitored  among  the  launch 
vehicle,  spacecraft  and  capcule  so  as  to  arrive  at  a unified 
concept . 

^Memorandum  to  Study  Manager,  Planetary  Exploration.  Missions  from 
LRC  Launch  Vehicle  Study  Group,  September  29,  1967* 


3.  Prepare  a unique  baseline  preliminary  design  of  the  entire 
system. 

A block  diagram  model  of  the  systems  approaci  used  is  given  in 
figure  V-9  together  with  a summary  of  tht  results  of  the  final 
iteration.  In  block  diagram  terminology,  the  factors  (A,  B,  C,  D,  E) 
represent  multipliers  of  the  input  to  give  the  resulting  weights  at 
various  stage  of  the  mission  so  that  the  final  output  represents  the 
landed  weight.  While  the  diagram  shows  an  open  loop  system  without 
feedback,  the  process  used  was  to  define  the  factors  from  actual 
analysis,  run  the  input  through  the  system,  and  examine  the  result. 

If  the  result  was  unacceptable  (less  than  the  1500  pounds  required  for 
a soft  lander),  the  factors  would  be  subjected  to  smother  analysis 
cycle  with  the  aim  to  increase  the  landed  weight.  As  revealed  in  the 
summary  results,  we  were  successful  in  obtaining  the  1500  pound  landed 
weight.  A 11  percent  efficiency  ) was  achieved  for  the  Titan/ 

Centaur  against  7 percent  for  Saturn  V Voyager,  an  efficiency  incr  -ase 
of  57  percent.  This  was  possible  mainly  because  the  staff  was 
familiar  with  all  aspects  of  the  subsystems  interactions  in  order  to 
define  the  system.  For  example,  the  major  gains  were  related  to: 

1.  "loosening"  the  orbit  about  Mams  so  that  less  propellant 
would  be  needed  for  capture.  By  making  the  orbit  more 
elliptical,  the  orbiter's  science  would  be  degraded  but 

the  lander  objectives  could  be  achieved.  This  resulted  in  an 
increase  of  the  orbit  factor  (B)  from  0.1*0  to  0.60. 

2.  reducing  the  head  shield  weight  factor,  working  within  the 


Shroud  Orbit  Spacecraft  Heat  Syst 

Operation  Mars  Separation  Shield  (Parac 


Figure  V-9* — Block  diagram  of  Saturn  and  Titan  syst 


restraint  of  keeping  the  "Voyager"  ballistic  coefficient 
constant  to  ensure  the  identical  satisfactory  entry  trajectory 


(M/C^A  = constant),  the  area  (A)  of  heat  shield  could  be 
reduced  proportionally  to  the  entry  mass.  After  several 
iterations,  it  was  found  that  a diameter  of  lh  feet  was 
compatible  with  the  ballistic  number  and  a landed  weight  of 
1500  pounds ; this  was  a reduction  from  the  19  foot  diameter 
for  Voyager.  Since  the  heat  shield  weight  increases  with 
the  linear  value  cubed,  the  heat  shield  weight  could  be 

?n\3) 


reduced  to  UO  percent 


\X9J 


of  the  19  foot  diameter  weight; 


this  resulted  in  an  increase  of  the  heat  shield  separation 
factor  (D)  from  0.69  to  0.77. 

The  result  of  this  engineering  systems  work  was  that  the  FVSD 
staff  provided  the  technical  base  which  proposed  that  the  much  smaller 
Titan/Centaur  could  accomplish  the  Voyager  objectives;  it  would,  of 
course,  require  two  separate  launches  whereas  the  Saturn  V would 
have  the  capability  to  launch  dual  spacecraft  with  one  launch. 

There  are  three  important  points  to  make  regarding  the  above  work 
which  are  central  to  the  overall  NASA  Mars  landing  effort: 

1.  For  the  first  time,  Langley  demonstrated  interest  and 
capability  in  the  entire  mission  from  launch.  On  Voyager, 
Langley  was  only  involved  in  *’\e  Capsule  Bus  entry  system. 

2.  The  proposal  to  use  a DOD  vehicle,  the  Titan,  instead  of  a 
vehicle  from  the  NASA  stable  was  a departure  from  normal 
NASA  operations. 
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3.  The  identical  mode,  identified  previously  by  the  Langley 
staff  under  Dr.  Roberts,  for  Voyager  was  adhered  to  in 
totality,  i.e.  out  of  orbit,  parachute,  and  retro  landing. 

With  the  completion  of  FVSD's  staff  effort,  Mr.  Kilgore  arranged 
a m>  ing  at  Langley  on  December  k under  the  auspices  of  the  Planetary 
Missions  Technology  Steering  Committee  to  be  attended  by  OSSA 
representatives  and  all  other  interested  parties — Draley,  Nelson, 
Martin,  et  al.  At  the  meeting,  the  FVSD  staff  reported  the  data 
included  in  the  two  working  papers  for  the  consideration  of  Langley 
and  OSSA  in  their  deliberations  regarding  a NASA  Mars  project. 

Langley's  In-House  Group,  in  the  interim,  had  produced  a Langley 
Working  Paper  - "A  Study  of  Orbiter-Probe  (Titan  III  Class)  for  Mars 
and  Venus  Missions  for  the  Purpose  of  Identifying  Problem  Areas” — and 
forwarded  it  to  OSSA.  The  paper  primarily  dealt  with  sub-system 
options  and  demonstrated  that  Langley  had  a large  staff  experienced 
in  the  various  disciplines.  A block  diagram  of  how  Langley  organized 
to  meet  OSSA's  request  for  assistance  in  demonstrating  a program  is 
represented  in  conceptual  form  as  figure  V-10.  The  input,  OSSA's 
request,  was  directed  to  the  Langley  Director  who  set  up  a .large  ad 
hoc  Langley  Study  Group.  Mr.  Ed  Kilgore,  in  his  line  organization 
position  under  the  Langley  Director,  set  up  a parallel  effort  within 
his  division^  the  dotted  line  on  figure  V-10  represents  informal 
contacts  with  OSSA.  The  outputs  from  the  two  efforts  in  terms  of 
Langley  Working  Papers  were  transmitted  to  OSSA}  data  from  the  FVSD's 
staff  Working  Papers  were  presented  to  Langley's  Planetary  Missions 
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Technology  Steering  Committee  with  OSSA  representatives  in  attendance. 

While  the  official  organizational  arrangement  set  up  at  Langley 
to  respond  in  a technical  sense  to  OSSA's  request  was  cumbersome,  it 
should  he  noted  that  Langley  did  respond  in  full.  The  FVSD  technical 
staff  could  work  the  problem  outside  the  official  structure  with 
Langley's  management's  approval  and  present  its  findings  directly  to 
OSSA  through  the  auspices  of  the  Planetary  Missions  Technology 
Committee.  Least  this  method  of  operation  appear  roundabout  and 
unlikely  to  succeed,  it  must  be  argued  that  L..  ;ley  management  had 
relied  on  this  mode  with  success  for  many  years.  It  was  fully  in 
keeping  with  the  Langley  management  practices  as  presented  in  Chapter 
I of  allowing  its  staff  freedom  to  pursue  its  interests  and  to  provide 
forums  for  all  parties  to  present  their  beliefs  and  data.  From 
Langley's  efforts  in  these  studies,  OSSA  received  support  in  three 
vital  areas: 

1.  Wholehearted  support  in  the  political  area  by  Langley 
management  as  evidenced  by  sincere  interest  and  the 
assignment  of  a large  Langley  staff. 

2.  Acceptance  and  enthusiasm  of  the  Lunar  Orbiter  team  to  begin 
working  the  problem  of  a Mars  landing  and,  thus,  indicate 
its  potential  of  being  a s*rong  force  in  the  future. 

3.  The  definite  technical  recommendations  made  by  the  experienced 
FVSD  staff  which  allowed  progress  tc  be  made  on  a new  problem 


in  a short  time  frame. 
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Thus , p.t  the  year ' s end , there  were  groups  at  Lang,  ey , JFL , and 
in  industry — Martin  Company,  at  least — working  on  the  problem  and 
furnishing  data  and  recommendations  to  OSSA.  All  options  were  open: 
types  of  science,  launch  vehicle,  mission  mode,  hard  or  soft  lander 
The  only  restraint  was  cost  and  that  was  only  qualified  (’’modest") 
and  not  quantified. 


\n 
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Synopsis 

A synopsis  of  the  fourth  year's  effort  could  be  tabulated  as 
indicated  below: 

1.  NASA  Headquarters  formally  organizes  Voyager  Program  with 
OSSA  as  project  manager  utilizing  a Voyager  Interim  Project 
Office  at  Pasadena. 

2.  NASA  Headquarters  sets  up  an  inter-center  Mars  Probe  Working 
Group  to  determine  probe  concept  for  1971  Mariner. 

3.  Langley  appoints  a Voyager  Capsule  Bus  Manager  and  sets  up  a 
Voyager  Project  Office. 

h.  Congress  disapproves  both  Voyager  1973  and  Mariner  probe  1971. 

. OSSA  requests  assistance  in  defining  new  program. 

6.  Langley's  technical  staff  recommends  a new  program  utilizing 
the  Titan/Centaur  launch  vehicle  to  OSSA. 


CHAPTER  VI 


VIKING  DEFINED  AND  IMPLEMENTED  - 1968/69 
& jiary 

In  1968  there  was  a revitalized  ejid  concerted  effort  by  Head- 
quarters and  Langley  to  define  and  obtain  approval  of  a new  Mars 
landing  program.  Langley  obtained  the  services  of  industry  through 
small  study  contracts  to  examine  various  candidate  missi >ns  and  Head- 
quarters enlisted  the  support  of  National  Academy  of  Sciences  and 
Bureau  of  the  Budget.  A pivotal  meeting  was  held  at  Langley  in 
November  with  senior  Headquarters  personnel  present  where  all 
contractors  presented  their  findings  and  a mission  decision  was  made. 

Funding  for  the  new  Mars  landing  program— "Viking” — was  approved 
by  Congress.  Contract  documents  for  competitive  proposals  were  pre- 
pared; the  proposals  evaluated;  and  ir.  May,  1969  a contract  wab 
awarded  by  Langley  to  Martin  Marietta  as  the  prime  contractor  for  the 
mission  hardware. 
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Headquerttefs  Activity  (1966) 


Dr.  John  Naugle,  Associate  Administrator  for  OSSA,  issued  guide- 
lines to  Langley  "relative  to  studies  and  planning  of  potential 
missions  to  Mars"  on  February  12.  The  telegram,  included  as  Appendix 
VI-A,  stated  the  following: 

1.  Launch  vehicle  to  be  a Titan/Centaur  or  Titan  IIIC. 

2.  Program  cost  estimate  * $385,000,000. 

3.  Baseline  mission  * "Mariner"  _^type  crbiter  with  800  pound 
hard  lander. 

L.  Alternate  missions: 

a.  hard  landers,  with  or  without  orbiters,  direct  entry 
or  out-of-orbit  entry. 

b.  soft  lander,  with  or  without  orbiters,  direct  entry  or 
out-of-orbit  entry. 

5.  Project  management  will  be  at  Langley. 

6.  Fiscal  year  1969  funding  will  be  $20,000,000. 

The  principal  items  to  note  from  the  guidelines  are  (1)  Langley 
will  manage  the  project  and  (2)  mission  d*;':  rim  is  open  to  include 

a vide  range  of  options.  The  fact  that  th*.  Tiuan/Ce.  *„iur  launch 
vehicle  was  included  as  ^ candidate  gave  credm,*  tnf  the  recommenda- 
tion of  the  FVSD's  stiff  was  still  under  conji.i^"&r,.lon  despite  its 
highest  cost. 

In  the  spring  of  1968,  NASA  Headquarters  announced  a personnel 
change  which  would  affect  both  Langley  and  the  Mara  Landing  program. 
Edgar  Cortrlght  was  named  director  of  Langley,  Dr.  Floyd  Thompson 
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having  retired  after  long  service  at  Langley.  Mr.  Cortright  had  been 
with  NACA’s  Lewis  Research  Center  or  10  years  and  Joined  NASA  Head- 
quarters soon  after  NASA  was  formed  where  he  held  high  level  positions 
in  OSSA  and  OSMF.  Voyager  had  been  under  his  supervision  while  he 
was  OSSA's  Deputy  Administrator,  and  he  was  recognized  as  a strong 
supporter  of  a Mars  program. 

NASA  Headquarters  also  concentrated  on  mending  Its  political 
fences  during  1968  with  regard  to  its  interplanetary  program.  OSSA 
sponsored  a Nationa]  Academy  of  Sciences  Summer  Program  to  study  and 
make  recommendations  regarding  MSA's  planetary  program.  The 
program's  final  report  recommended  a "vigorous"  planetary  program  and 
furnished  impetus  to  carrying  out  a Mars  landing.  Since  the  National 
Academy  of  Sciences  is  made  up  of  authorities  in  the  scientific 
community,  its  recommendations  receive  serious  consideration  in  the 
C'.igress.  In  addition,  NASA  representatives  met  regularly  with 
personnel  from  the  Bureau  of  the  Budget  to  work  out  a mutual  agreement 
on  funding  end  programs;  the  solid  technical  base  furnished  the  needed 
confidence  in  NASA's  position  to  obtain  BOB's  support.  Finally  Dr. 
Naugle  testified  before  various  Congressional  Committees  and 
emphasized  the  need  for  the  planetary  pr'  /am  and  NASA'*  desire  to 
work  with  Congress  in  its  definition. 


Langley  Activity  (1966) 


Langley's  effort  in  19^6  was  primarily  centered  in  two  group3 — Mr. 
Martin's  project  office  and  Mr.  Kilgore's  engineering  division. 

Mr.  Martin  personally  was  a driving  force  during  this  period  and 
his  office  was  a huh  of  varied  activity.  The  pri  ,iary  function  of  the 
office  was  the  gathering,  integration  and  dissemination  of  data.  Work 
statements  were  written  and  contracts  let  to  industry  to  study  the 
various  types  of  missions.  The  contracts  were  let  expediously  and 
competently  monitored  primarily  by  members  o:  his  staff.  For  example, 
contracts  were  ieu  to  Generul  Electric  to  study  a r.ird  lander, 
Mcwor.nell-BougJ as  to  study  a.  _>oft  lander,  and  to  pp-rt  in-Marietta  to 
study  the  mission  mode — direct  and  out  of  orbit  entry.  As  a result, 
the  project  office  obtained  a complete  documented  record  on  all 
candidate  missions.  Mr.  Martin  alio  contacted  and  worked  with  JPL 
during  this  period  to  obtain  JPL's  support  ir.  the  orbittr  portion  of 
the  mission.  Mr.  Martin  was  constantly  on  tra.el  during  19^3 — to 
industry,  to  JPL,  and  to  Washington  Headquarters — to  obtain  support 
for  the  program.  It  was  his  office  that  fed  data  to  Washington 
Headquarters  foe  its  planning  and  to  answer  Congressional  and  BOB's 
questions;  he  assured  that  the  progiam  kept  moving  through  his 
constant  contracts  with  eul  parties  including  the  icientific  community. 
Mr.  Martin  has  been  credited  by  an  industry  * epresentative  as  being 
the  main  force  keeping  a Mars  project  alive  during  this  period. 
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Flight  Vehicles  and  Systems  Division's  technical  staff  was 
charged  with  three  responsibilities  in  1968  by  Mr.  Kilgore.  These 
were: 

1.  Conduct  an  in-house  systems  trade  study  among  the  options 
with  the  objective  of  advising  Mr.  Kilgore  and  Mr.  Martin 
of  FVSD's  recommendations. 

2.  Respond  to  the  project  office's  request  for  technical  data 
so  that  the  project  office  could  disseminate  the  data  to 
Headquarters,  contractors,  and  JPL. 

3.  Monitor  and  critique  the  contractors'  efforts  in  their 
studies  to  assure  that  problem  areas  were  exposed  and 
analyzed;  in  fact,  Martin-Marietta's  contract  for  mission 
mode  studies  was  put  under  my  direct  supervision  by  an 
agreement  between  Mr.  Martin  and  Mr.  Kilgore. 

These  three  assignments  ran  concurrently  with  item  1 being  the 
primary  effort.  Items  2 and  3 were  considered  supportive  to  item  1. 
The  result  of  FVSD's  in-house  trade  off  studies  was  documented*  and 
transmitted  to  the  project  office  (Appendix  VI-B).  The  study  analyzed 
soft  and  hard  landers,  direct  and  out  of  orbit  entry  from  viewpoints 

p 

of  coat  , technology  base,  risk,  and  growth  potential.  The  summary 
chart  from  the  memorandum  is  shown  as  figure  VI-1.  FVSD's  technical 

^Memorandum  to  Jams  S.  Martin,  Jr.  from  James  F.  McNulty,  1973  Mars 
Mission,  November  1,  1968. 

2Costs  for  various  systems  were  furnished  by  the  project  office  from 
contractor  data. 
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Recommend  Titan/Centaur 
Soft  Lander  Out-Of-Orbit 

• Best  Understood  Mission 

• Smallest  Risk,  Flexible  in  Operational 

Sense 

• Lowest  g's  for  Instrument  Development 

• Provides  Platform  for  Instrument 

Deployment 

• Less  Demanding  on  Decelerator  Systems 

• Has  Growth  Possibilities  with  Same 

Technology 


BUT 


* Highest  in  Cost 


Figure  VI-1 


■FVSD  staff's  ree< 


idatlons  end  rationale 


IT  9 


staff's  rec ommendat ior  again  favored  the  out-of-orbit  soft  landing 
mission  as  presented  to  OSSA  in  December  1967  unless  cost  vr : an  over- 
riding factor.  Martin  Marietta  Corporation's  contract  study  of  mission 
mode  also  recommended  the  out  of  orbit  soft  lander;  its  recommended 
entry  system  consisted  of: 

1.  A 10.5  cone  shaped  entry  vehicle  with  a ballistic  number  of 
0.35. 

2.  A total  flight  capsule  weight  of  about  2000  pounds , and  625 
pounds  of  landed  equipment. 

The  study  conclusions^  are  contained  in  Appendix  VI-C. 


■^Final  Report*  Study  of  Direct  versus  Orbital  Entry  for  Mars  Mission* 
Volume  0-Summary,  Martin-Marietta  Corporation,  August  1966,  pg. 
89-90. 
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The  Sugimary  Meeting  and  Mbxb  Decision 

A full  scale  two  week,  6 day  a week,  meeting  was  held  at  Langley 
October  28  through  November  9,  1968  under  the  chairmanship  of  James 
S.  Martin,  Viking  Project  Manager  to  define  the  Mars  Mission.  The 
meeting  was  attended  by  the  head  of  OSSA,  Washington  Headquarters; 
Center  directors  from  JPL  and  Langley;  and  senior  staff  members  at 
Langley. 

The  first  week  was  devoted  to  the  contractor's  presentations  of 
their  final  reports  together  with  their  recommendations.  The  second 
week  was  closed  to  contractors  and  was  restricted  to  internal  NASA 
deliberations.  Members  of  Mr.  Martin's  Viking  Project  Office  made 
presentations  of  their  distillation  of  the  contractor  reports  and 
pointed  up  the  options  available  to  management.  The  presentations 
were  unbiased  in  that  no  recommendation  was  made;  it  was  concluded 
that  all  options — hard  lander,  soft  lander,  direct  entry,  out-of- 
orbit entry — were  technically  feasible  and  could  be  engineered.  The 
differences  in  cost,  amount  of  science  data  obtainable,  technical 
problems,  and  risk  were  defined.  The  meetings  were  carried  out  in  an 
open  fashion;  many  questions  were  asked  from  the  floor  to  assure 
that  the  problems  were  understood. 

Dr.  Naugls , 088A,  and  the  Center  Directors— together  with 
consultants  as  required — then  held  a private  meeting  to  deliberate 
their  recommendations  to  Dr.  Paine,  NASA  Director.  It  was  felt  by 
Langley's  technical  staff  that  cost  might  be  an  overriding  factor 
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and  that  the  direct  entry,  hard  lander  mission  would  be  the  selection; 
the  absence  of  absolute  knowledge  as  to  "weights"  to  be  assigned  to 
evaluation  factors  (cost,  science,  risk,  etc.)  was  the  primary  reason 
that  Langley  did  not  make  a hard  recommendation  on  mission  definition. 
Dr.  Paine's  decision  to  go  with  the  most  ambitious  mission— the  soft 
lander  out-of-orbit — came  as  a distinct,  happy  surprise  to  Langley. 

His  sources  obviously  encouraged  him  that  he  would  get  more  support 
from  Congress  on  Viking  than  he  did  on  Voyager.  Thus,  the  direction 
had  been  set— Langley  was  now  responsible  for  mounting  a Mars  mission 
utilizing  the  soft  lander  with  out-of-orbit  entry.  The  decision 
resulting  from  the  meeting  reflected  an  understanding  of  the  salient 
technical  points  and  was  a correct  and  popular  decision  from  the 
technical  point  of  view  assuring  enthusiastic  support  from  the  Project 
Office  personnel.  This  support— together  with  Mr.  Martin's  leader- 
ship, Mr.  Cortrlght's  strong  interest  and  backing,  and  the  developed 
relationships  with  Headquarters  and  JPL — augurred  well  for  the 
success  of  the  project. 


The  Commitment  to  Hardvare 


Mr.  Martin  set  up  the  organizational  plan  shown  on  figure  VI-2. 

The  main  elements  of  this  plan  are: 

1.  Levis  Research  Center  to  supply  the  launch  vehicle. 

2.  JPL  to  supply  the  orbiter. 

3.  Langley  to  supply  the  lancer  and  total  system  integration. 

In  much  the  same  manner  as  the  Lunar  Orbiter  Project,  a large 

prime  contractor  to  Langley  would  be  responsible  for  the  actual 
hardvare  development  with  Langley  acting  as  the  technical  manager. 

It  is  interesting  to  note  the  differences  between  the  Viking  and 
Voyager  management  organizations.  Where  Voyager  vas  complex  fluid 
multi-tiered,  the  organizational  plan  for  Viking  was  simple  and 
straight  forward.  Responsibility  passed  directly  from  08SA  Headquarters 
to  the  Langley  Director  to  the  Project  Manager;  all  other  RASA  elements 
reported  to  Mr.  Martin.  Two  other  factors  also  contributed  to  making 
the  Viking  plan  more  operationally  stable,  these  were: 

1.  Mr.  Cortright,  as  Langley  director,  could  act  as  a shield 
against  changes  in  Project  guidelines  by  Headquarters 
primarily  because  of  his  space  expertise  and  his  stature 
with  Headquarters  personnel. 

2.  The  firm  designation  of  Langley  as  project  manager.  It  is 
generally  acknowledged  that  inter-center  conflicts  arise 
when  there  is  competition  for  the  lead  Center  role.  The 
establishing  of  clear  roles  for  the  various  Centers  increases 


Project 

Management 


the  cooperative  aspects  and  allows  all  parties  to  concentrate 
on  their  respective  responsibilities. 

Given  the  authority  to  implement  the  Viking  Project,  Langley's 
Project  Office  proceeded  quickly  to  get  the  major  contract  underway. 

The  contract  would  provide  for  procuring  the  lander  as  well  as  the 
integration  of  the  entire  system — the  build  up  of  the  lander  with 
the  Government  Furnished  Equipment  (the  GFE),  the  orbiters  from  JPL 
and  launch  vehicles  from  Lewis  Research  Laboratory.  The  technical 
statement  of  work  (Appendix  VI-D)  was  released  for  proposals  on 
March  1,  1969*  Proposals  were  received  from  the  Boeing  Company, 

Martin  Marietta  Corporation,  and  McDonnell-Douglas  Corporation.  The 
propoaali  were  evaluated  during  April  and  May  by  a large  group  of 
NASA  evaluators  (Appendix  VI-E).  I supported  the  Management  Evaluation 
Committee  and  was  concerned  primarily  with  evaluating  the  realism 
of  the  schedules  submitted  by  the  proposers  for  implementing  the 
project;  i.e.,  blocks  of  time  designated  for  mission  definition, 
design,  fabrication  and  test. 

Following  a review  of  the  findings  of  the  evaluation  by  Dr. 
Fletcher,  NASA  Administrator,  Mr.  Ccrtright,  Langley  Director, 
announced  on  Nay  29,  1973  that  Martin-Marietta  Corporation  would  be 
awarded  the  major  Viking  contract.  This  selection  was  a reasonable 
one  as  Martin  Marietta  Corporation  had  been  studying  the  Mars  landing 
problem  intensively  for  an  extended  period  of  time.  With  the  award 
of  the  approximately  300  million  dollar  contract  (not  including  launch 
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vehicle  and  orbiter  cost),  NASA  and  the  United  '.States  were  finally 
firmly  committed  to  carrying  out  a landing  on  Mars. 
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Synopsis 

A synopsis  of  the  1968/1969  effort  could  be  tabulated  as  Indicated 
below: 

1.  OSSA  issues  guidelines  that  give  Langley  project  manager 
responsibility  for  planning  potential  missions  to  Mars. 

2.  Mr.  Edgar  Cortright  named  Director  of  Langley. 

3.  Langley  and  industry  study  of  matrix  of  potential  Mars 
missions. 

U.  Study  results  presented  to  OSSA  in  a two  week  meeting  at 
Langley. 

5.  OSSA  approves  "big”  mission — soft  lander  with  out-of-orbit 
entry. 

6.  Langley  requests  and  evaluate » proposals;  awards  contract 
to  Martin  Marietta  Corporation  for  mission  hardware. 


THE  ANALYSIS 


CHAPTER  VII 


INTRODUCTION  - TECHNICAL  AND  ADMINISTRATIVE  MILESTONE  NUMMARY 

Summary 

This  chapter  will  delineate  the  key  events,  technical  and 
administrative,  in  the  development  of  the  Mars  project.  These  key 
events  will  be  presented  in  an  integrated  milestone  format  depicting 
the  interactions  between  the  technical  work  and  the  administrative 
decisions.  Also  included  will  be  a description  of  the  arrangement  and 
approach  to  b,>  used  in  the  subsequent  Analysis  chapters. 
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Technical  and  Administrative  Milestone  Summary 

It  is  pertinent  now  to  look  at  the  project  from  an  integrated 
point  of  view  rather  than  in  the  fragments ? yearly  sequences.  Figure 
VII-1  has  been  developed  to  show  the  important  technical  and  adminis- 
trative developments  in  the  form  of  milestones  with  respect  to  time; 
action  arrows  ere  provided  to  detail  the  impacts  of  the  technological 
base  on  administrative  decision  making  and,  vice  versa,  the  adminis- 
trative decisions  on  the  technological  base. 

The  chart  divides  the  years  19&*  to  1969  in^o  three  phases,  each 
approximately  two  yearj  long.  Phase  I was  the  Saturn  IB  Voyager 
mission  with  JPL  as  project  manager  and  Langley  a consultant  on  entry 
technology.  Phase  II  was  Saturn  V Voyager  mission  vith  OSSA  as  project 
manager  aud  Langley  the  lander  manager.  Phase  III  vas  the  Titan  Viking 
mission  vith  Langley  the  project  manager. 

The  first  phase  was  initiated  by  Dr.  Roberts  assembling  a multl- 
diaci^xined  Langley  staff,  with  the  taci c,  approval  of  Langley  manage- 
ment, to  study  Mars  entry  problems  (milestone  l).  This  staff  defined 
a novel  probe  concept  utilizing  a parachute  to  pull  the  instrument 
package  from  the  heat  shield— this  parachute  utilization  remained  a 
constant  factor  in  all  future  refinements  and  played  a highly  impor- 
tant role  In  the  program's  evolution.  Dr.  Roberts  recommended  an 
in-depth  contractor  study  be  made  of  the  concept  (milestone  2).  This 
rsrr— snrtstl  nn  impacted  Langley's  and  Headquarters'  administrative 
processes  and  ite  approval  marked  Langley 't  ri-.tree  into  Interplanetary 
studies . Headquarters  increased  Tangley's  r ‘>i visibility  by  requiring 
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Figure  VII-1. — Summary  chart  of  technical-administrative  interactions 
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the  inclusion  of  lander  feasibility  in  the  study.  This  edict 
impacted  the  technical  staff  by  adding  a nev  technology  under  its 
charter  and  further  strengthened  Langley's  position  (milestone  3). 

Another  important  milestone  during  this  phase  was  the  initiation 
by  Langley  (based  on  a recommendation  from  its  technical  staff)  of 
the  development  of  a parachute  suitable  for  operation  in  the  Martian 
environment . This  undertaking  was  important  since  it  furnished  the 
data  wnich  would  later  give  credence  ■<  langley's  recommendations  and, 
in  addition,  allow  sufficient  lead  time  for  the  parachute's  development 
(milestone  L).  Headquarters'  direction  to  switch  launch  vehicles  from 
the  Saturn  IB  to  the  Saturn  V (milestone  5) — a change  in  the  mission 
of  more  than  one  order  of  magnitude— signalled  the  end  of  Phase  1. 

A Langley  technical  staff,  made  up  primarily  of  FVSD  personnel 
and  directed  by  Dr.  Roberts,  carried  out  an  in-house  study  of  the 
Saturn  V at  the  behest  of  Langley  management  (milestone  6).  This  study 
culminated  in  the  definition  of  a landing  mode  (soft  lander  out  of 
orbit  with  a parachute  transition  stage  and  retro  landing).  These 
data  (milestone  7)  were  presented  by  Dr.  Roberts  and  me  to  OSSA  at  a 
Joint  OSSA-Langley-JPL  meeting  where  JPL  presented  a counter  all- 
propulsive  landing  mode.  The  technical  data  was  considered  by  OSSA 
and  Langley  was  named  lander  manager  (milestone  8)  which  demonstrated 
the  impact  of  the  technological  base  on  administrative  decision  making. 
While  HASA  was  gearing  up  to  carry  out  a Saturn  V mission.  Congress 
cancelled  "Voyager"  owing  to  the  funds  squeeze;  this  ended  Phase  II. 
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A request  from  OSSA  to  study  a "more  modest"  mission  (milestone  9) 
impacted  technological  base  requiring  the  technical  staff  to  work  to 
new  guidelines.  Because  of  its  broad  past  experience,  the  FVSD 
technical  staff  was  able  to  react  quickly  and  recomwnd  to  OSSA  a 
Titan/Centaur  mission  similar  to  Voyager  in  mission  mode  but  more 
limited  in  weight  (milestone  10).  Shortly  after  receiving  this 
recommendation,  OSSA  named  Langley  to  manage  a study  effort  of  all  Mars 
candidate  missions  using  Titan  as  a base  (milestone  11).  Based  on  this 
impact,  Langley  initiated  and  carried  out,  in-house  and  contract,  a 
broad  based  study  of  the  candidate  missions  (milestone  12).  This 
effort  culminated  a large  Joint  technical-administrative  meeting  at 
Langley  where  all  technical  data  was  presented  in-depth.  After  this 
meeting,  the  administrative  decision  was  made  for  a Mars  landing  pro- 
ject (soft  lander  out  of  orbit)  to  be  managed  by  Langley  and  using 
the  Titan/Centaur  (milestone  13).  Finally,  the  project  was  committed 
to  hardware  by  the  contract  award  in  May  1969  (mile  *.one  lU). 


Approach  to  the  Analysis 


The  analysis  will  be  divided  into  three  main  categories.  The 
first  category  vill  consider  the  Langley  administrative  system  and 
the  operation  of  technical  staff  within  it.  Formal  system  concepts 
will  be  utilized  to  illustrate  "how”  and  "why"  the  system  worked  to 
allow  its  technical  staff  to  make  major  inputs  influencing  a national 
program.  The  second  category  will  examine  the  operations  of 
Washington  Headquarters  as  it  endeavored  to  define  a national  program 
acceptable  to  NASA  and  the  Congress.  Its  decision  to  promote  a 
Saturn  V Voyager  mission  and  its  creation  of  a 1971  Mars  Probe 
Working  Group  to  define  a Mariner  probe  will  be  analyzed.  The  third 
category  will  be  devoted  to  the  final  decision  process  wherein 
Washington  and  Langley  were  in  agreement  on  objectives  and  the  decision 
was  a cooperative  one.  The  alternate  missions  under  consideration 
will  be  analyzed  from  a formal  analytical  viewpoint. 

It  is  felt  that  this  breakdown  into  three  categories  is  particularly 
appropriate  since  it  is  consistent  with  the  development  of  the  program. 
During  the  first  two  phases  of  the  program,  the  Saturn  IB  and  Saturn  V 
phases  as  defined  on  figure  VII-1,  Langley  and  Washington  acted  more 
or  less  independently  with  only  intermittent  and  formal  interactions. 
Thus,  during  these  phases,  the  operations  can  be  examined  somewhat 
Independently.  The  third  phase  (Viking)  was,  however,  a close, 
cooperative  effort  and  can  be  best  examined  as  a joint  administrative- 
technical  system. 


CHAPTER  VIII 


ANALYSIS  OF  LANGLEY  OPERATIONS 
Summary 

Langley's  administrative  system  and  the  technical  staff's  role 
are  analyzed  for  both  the  pre-Mars  years  and  the  Voyager  period  of 
Mars  studies.  The  formal  concepts  of  Easton  on  political  systems, 
Homan  on  the  technical  staff's  performance,  and  Kuhn  on  scientific 
breakthroughs  are  used  as  a backdrop  for  the  study.  Similarities  are 
noted  between  Houbolt's  work  on  Apollo  and  Roberts'  work  on  Mars. 
Conclusions  are  drawn  as  to  why  Houbolt  and  Roberts  were  successful  in 
defining  the  mission  modes. 
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The  Pre-Mars  Years 


Langley  Administrative  System 

Langley's  operation  in  the  NACA  days  vas  characterized  hy  high 
research  quality  and  low  visibility  to  the  public  (independent 
operation).  The  individual  researcher  had  great  freedom  within  his 
field  to  pursue  his  research  and  publish  his  results  which  were 
eagerly  awaited  by  the  scientific  community.  Supervisory  positions 
were  relatively  small  in  number  and  the  opportunity  to  progress  up 
the  management  ladder  was  slim.  Thus,  the  researcher  who  was  desirous 
of  more  materialistic  rewards  or  fame  oftentimes  would  leave  to 
accept  positions  with  industry,  universities,  or  to  serve  as  a nucleus 
for  a new  NACA  Center  "mothered"  by  Langley.  The  system  operated 
successfully  because 

(1)  there  was  a sufficient  supply  of  dedicated  researchers  and 
new  graduates  to  keep  the  output  high  in  quantity  and  quality 

(2)  there  were  sufficient  openings  available  elsewhere  for  a 
Langley  trained  researcher  to  siphon  off  "ambitious" 
researchers  before  they  became  disgruntled  and  sufficient  in 
number  to  cause  a stress  on  the  system. 

(3)  the  charter  on  the  technology — aeronautical  research — was 
well  defined  and  understood  by  the  researchers  end  by 
management.  This  restricted  the  researcher's  opportunity 
to  venture  into  new  fields  where  management  might  lack 
expertise. 
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(U)  the  system  was  more  or  less  a closed  system  in  that,  not 
being  in  the  public's  eye,  it  could  operate  in  a near 
independent  mode  without  being  perturbed  by  outside  forces. 

Langley  management  took  pride  in  achieving  excellence  in 
technical  competence  and,  also,  in  its  providing  leaders  to  industry, 
universities  and  other  NACA  Centers.  To  perform  excellently  and  to 
export  leaders  could  almost  be  termed  a Langley  tradition.  In  my  NACA 
days,  I saw  many  promising  engineers  leave  for  want  of  an  advancement 
that  had  been  earned  and  that  could  have  been  given;  it  was  the 
unwritten  policy  of  Langley  management  not  to  "bargain"  with 
individual  employees.  Based  on  the  above,  it  is  my  conclusion  that 
this  attitude  enhanced  the  operation  of  the  system  by  preventing  the 
system  from  overloading  itself  with  too  many  high  level  researchers 
for  the  positions  available  while  at  the  same  time  furnishing  a channel 
for  cross  feeding  the  technology  to  the  nation.  Thus,  by  taking  pride 
in  its  export  of  leaders,  it  does  seem  that  Langley  management  found 
a way  of  "having  its  cake  and  eating  it,  too." 

With  the  advent  of  NASA  and  the  increased  attention  on  space 
activities,  Langley  management  strove  to  retain  its  system  of  operation 
rather  than  to  make  any  wholesale  reorganization  to  reflect  the  change 
in  emphasis.  Langley's  effort  changed  from  one  near  total  dedication 
to  aeronautics  to  one  primarily  devoted  to  space  activities  in  about 
a year's  time  and  without  any  noticeable  change  in  the  system's  basic 
operation.  To  achieve  this,  Langley  management  gave  up  some  of  its 
authority  to  both  Washington  Headquarters  and  to  the  individual 
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researcher.  The  Individual  researcher  was  given  more  freedom  to  work 
outside  his  aeronautical  specialty  and  the  work  emphasis  vas  shifted 
to  reflect  the  desires  of  Washington  Headquarters.  The  space  work 
was,  thus,  co-opted  into  the  existing  system  bringing  the  researchers 
with  it.  As  the  researchers  acquired  expertise  in  space  work,  they 
were  given  additional  freedom  to  pursue  their  ideas  within  the 
system  with  lesser  restraints  than  in  NACA  days  partially  because  the 
top  Langley  management  lacked  expertise  in  space  technology  and  also 
because  the  dynamic  environment  required  action.  The  system  continued 
to  work  and  produce  high  quality  results  because 

(1)  the  technical  staff  had  been  socialized  into  the  system  and 
could  be  depended  upon  to  act  in  conformity  with  past 
tradition  as  much  as  possible. 

(2)  the  researcher  training  which  had  stressed  thoroughness  and 
accuracy  was  most  appropriate  in  the  new  technology  which  was 
emphasizing  performance  with  cost  a secondary  consideration. 

(3)  Langley  management  except  at  the  top  level  was  primarily 
technical  rather  than  administrative  and  was,  thus,  heavily 
engaged  in  mastering  the  new  technology. 

(U)  t* ere  was  no  influx  of  new  experienced  spaoe  personnel  with 
fixed  ideas  but  rather  a shift  of  work  emphasis  by  most  of  the 
Center. 

Based  on  the  above  reasoning,  the  significant  contributions  of  Messrs. 
Houboult  and  Faget  can  be  attributed  to  their  researcher  background  of 
thoroughness  and  inquisitiveness  together  with  the  freedom  given  the 
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technical  staff  to  broaden  its  field  of  interest.  The  separation  from 
Langley  of  Faget's  group  to  serve  as  the  nucleus  of  the  Houston's 
Manned  Space  Flight  Center  follows  in  the  Langley  tradition  and  also 
resulted  in  Langley  still  remaining  in  its  status  quo  position  ns  a 
research  center.  Langley  management's  confidence  in  its  technical 
staff  and  its  socialization  allowed  Langley  to  undertake,  at  Washington 
Headquarter's  request,  the  Lunar  Orbit er  Project  and  the  construction 
of  the  Mercury  Tracking  Station  with  management's  realization  that 
these  projects  would  be  competently  completed  utilizing  adjunct 
technical  project  offices  without  serious  affecting  Langley's  nornal 
operational  mode.  It  is  important  to  note  that  in  the  Houboult  and 
Faget  cases  that  it  was  the  technical  staff  who  perceived  the  national 
need  without  direction  from  higher  authority  (President  Eisenhower 
termed  Sputnik  a "trick"),  went  to  work  on  developing  a sound  technology 
base,  and  made  a major  impact  on  the  direction  of  the  nation's  effort. 

The  Langley  management  system  can  be  examined  on  the  basis  of 
formal  system  concepts.  Utilizing  the  concept  of  Easton^  wherein  the 
Langley  management  mode  could  be  considered  as  the  political  system, 
figure  VIII-1  from  Easton  can,  thus,  be  utilized  as  a model.  The 
analogy  seems  appropriate  and  useful.  Easton  divides  his  system  into 
environment,  Inputs,  the  political  system,  outputs  and  feedback  loop. 

The  total  environment  (endogenous  and  exogenous)  furnish  the  inputs 
to  the  political  system  in  the  form  of  demands  and  support.  The 

^David  Easton,  A Framework  for  Political  Analysis.  (Englewood 
Cliffs,  Mew  Jersey,  Prentice-Ball,  Inc.  1965; 
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Figure  VIII-1. — Model  of  a political  ayataa. 


200 


political  system  is  the  "black  box"  within  which  the  process  of  con- 
version of  '■he  demands  to  decisions  by  the  authorities  take  place. 

The  political  system  has  two  essential  unique  elements  (l)  the  capacity 
to  make  decisions  and  (2)  the  probability  of  their  frequent  acceptance 
by  most  members  as  binding.  The  operational  ;i.ode  of  the  "black  box" 
will  be  dependent  upon  the  management  philosophy  and  I have  indicated 
previously  the  major  facets  of  the  LRC  management  philosophy.  The 
output  of  the  political  system  is  in  the  form  of  "authoritative 
allocations"  which  then  feeds  back  to  the  society  (Langley  researchers ) 
and,  thus,  affects  society's  (Langley  researchers')  demands  and  supports. 
The  process  can  be  visualized  as  a continuing  exchange  of  society- 
government  (Langley  researchers-Langley  management)  system  responses. 

Easton  defines  "persistence"  as  the  central  question  for  theoret- 
ical inquiry  by  political  systems  analysis.  He  states  the  "members 
of  a political  system  [LHC  management]  have  the  opportunity. ..to  respond 

to  stress  in  such  a way  as  to  try  to  assure  the  persistence  of  some 

o 

kind  of  a system  for  making  and  executing  binding  decisions."  He 
proposes  the  following  three  conditions  as  necessary  and  sufficient 
for  persistency:  (l)  regulation  of  the  inflow  of  demands  (2)  maintenance 

of  a minimum  level  of  support  and  (3)  the  adoption  of  measures  to  cope 
with  stress. 

The  response  of  the  "black  box"  to  stress  determines  what  type 
of  change  (in  the  Langley  operational  mode)  takes  place.  The  "black  box" 


2Ibid.,  p.  78 
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Is  considered  to  have  enough  flexibility  (normal  range)  to  allow  for 
some  changes  - i.e.,  some  project  or  mission  concept  work  is  permissible 
providing  the  basic  research  work  retains  the  primary  emphasis.  For 
other  changes  caused  by  stress  driving  the  system  above  the  normal 
range,  changes  in  the  "black  box"  are  needed  to  assure  persistence, 
i.e.,  Langley  would  have  to  change  its  operational  mode.  The  conclusion 
is  evident  that  Langley  management  system  had  proved  itself  flexible 
enougn  through  several  stressful  (not  normal)  episodes  to  persist 
without  changing  its  "black  box"  operation — the  main  business  of  the 
Center  remained  basic  research  and  the  other  elements  (while  important 
and  performed  diligently)  were  not  regarded  as  normal  Center  pursuits. 
Thus,  the  Langley  management  successfully  remained  stable  despite 
(1)  changing  technologies,  and  their  technical  paradigms  , from 
aeronautics  to  space,  and  (2)  including  the  execution  of  project 
missions  in  its  charter.  In  a sense,  it  could  be  said  that  the  fact 
that  the  Langley  staff  had  been  socialized  into  operating  under  the 
rules  of  Langley's  HACA's  administrative  paradigm  enabled  the  staff 
to  svltch  technical  paradigms  efficiently.  It  is  believed  that 
had  Langley's  management  mode,  or  paradigm,  changed  simultaneously  with 
the  technical  change,  considerable  more  stress  would  have  been  applied 
to  the  system  with  counter  productive  results. 

^Paradigm — a term  used  to  denote  the  conceptual  umbrella  or  govern- 
ing model  under  which  normal  science  is  carried  out.  In  the  strictest 
sense,  it  Is  the  highest  order  of  conceptual  abstraction,  a metatheory, 
upon  which  theory  and  conceptual  frameworks  are  based. 
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The  Technical  Staff's  Role 

Given  the  stability  and  managen <-  .ethods  of  Langley,  the 
..•eotion  now  arises  of  how  has  th*  . * . idual  researcher  or  the 

tecr-!  leal  staff  made  the  t contributions  that  are  a matter 

of  record.  Jo  analyst  >ri:  : i .n,  use  vlll  be  made  of  the  concepts 

and  conclusions  of  Thoms  '-.jun  ’ in  his  study  of  scientific  break- 

throughs. Some  of  the  coi-'-ccto  to  be  utilized  together  with  my 
simplified  interpretations  aie: 

paradigm — the  accepted  or  governing  model  or  pattern 
puzzle~a  problem  vith  a solution  within  the  rules  of  a ptradigm 
anomaly — a novelty  which  does  not  fit  the  expectations  of  the 
paradigm 

extraordinary  science — the  science  proceeding  outside  the  bounds 
of  the  paradigm  to  account  for  the  anomaly 
Kuhn's  thesis  is  that  science  advances  mainly  through  revolutions 
caused  by  the  study  of  extraordinary  science  which  overturn  the 
established  paradigm,  i.e.  step  function  advances  rather  than  the 
historical  concept  of  a gradual,  bit-by-bit  addition  of  scientific 
data.  Interestingly  enough,  though,  he  credits  normal  science  (the 
pustle  solving)  as  being  the  main  ingredient  to  extraordinary  science 
in  that  it  uncovers  the  anoaalieo  which  lead  to  advancement  of  science 
by  enlarging  the  concept  of  the  paradigm  or  overturning  it. 

]a 

Thomas  8.  Kuhn,  The  Structure  of  Scientific  Revolutions.  2nd  ed. 
(Chicago  and  London:  The  University  of  Chicago  Press , 1970) 
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Against  this  background,  the  Langley  staff  can  be  visualised  as 
problem  solvers  working  the  unsolved  problems  of  the  governing  paradigm 
and  on  the  alert  for  anomalies.  Because  of  the  novelties  uncovered 
by  the  Langley  staff  (slotted  throat  wind  tunnels,  "cokV  bottle 
shaped  aircraft  nacellf-c,  supercritical  configured  wings,  etc.),  the 
Langley  management's  mode  had  to  be  able  to  cope  with  both  normal  and 
extraordinary  science  without  being  perturbed. 

The  Houbolt  episode,  described  ir  the  narrative,  will  be  examined 
to  illustrate  "how”  the  researcher  makes  the  contribution  within  the 
B^stem.  Vcn  Braun,  since  childhood,  had  been  tantalized  by  space 
travel  and  had  foreseen  the  possibility  of  men  to  the  moon.  Further, 
he  visualized  a concept  of  large  booster  going  directly  to  the  moon 
and  returning.  After  World  War  II  and  his  involvement  with  the  United 
States  booster  research  and  development,  hv  championed  space  travel 
and  his  concept.  With  President  Kennedy's  direction  to  MSA  to  land  a 
man  on  the  moon  and  return  him  safely  in  the  1960's,  Von  Braun,  now 
director  of  NASA's  Marshall  Center,  put  his  staff  to  work  to  solve  the 
puzzles  associated  with  his  governing  model  (paradigm)  of  a direct 
landing  on  the  moon.  Meanvhile,  Houbolt,  not  bound  by  Von  Braun's 
paradigm,  worked  the  problem  differently  and  arrived  at  the  "novelty” 
of  a small  ship  (LZM)  landing  and  rstuf  lng  to  a mother  spacecraft 
orbiting  the  moon.  A striking  parallel  in  reactions  to  data  contrary 
to  the  governing  paradigm  can  be  draw  between  a case  cited  by  Kuhn 
and  the  Houbolt  vpisode  if  Houbolt* s solution  is  viewed  as  an  anomaly 
to  the  Von  Braun  paradigm  and  an  example  of  extraordinary  science. 
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Kuhn^  cites  a case  of  a short  and  controlled  exposure  of  a series 
of  playing  cards;  the  paradigm  being  that  it  was  a standard  deck. 

"Many  of  the  cards  were  'normal',  hut  some  were  made  'anomalous,' 
e.g.  a red  six  of  spades  or  a black  four  of  hearts.  Each  experimental 
run  was  constituted  by  the  display  of  a single  card  to  a single  subject 
in  a series  of  gradually  increased  exposures...  For  the  normal  cards 
these  identifications  were  usually  correct,  but  the  anomalous  cards 
were  almost  always  identified,  without  apparent  hesitation  or  puzzle- 
ment, as  normal  (consistent  with  the  expectations  of  the  paradigm). 

The  black  four  of  hearts  might,  for  example,  be  identified  as  the  four 
of  either  hearts  or  spades.  With  a further  increase  of  exposure  to 
the  anomalous  cards,  subjects  did  begin  to  hesitate  and  to  display 
awareness  of  the  anomaly.  Exposed,  for  example,  to  the  red  six  of 
spades,  some  would  say:  that's  the  six  of  spades,  but  there's 

something  wrong  with  it.... Even  at  forty  times  the  exposure  [time] 
required  to  recognize  normal  cards  for  what  they  were,  more  than  10 
percent  of  the  anomalous  cards  were  not  correctly  identified.  And  the 
subjects  who  then  failed  often  experienced  acute  personal  distress. . .In 
science,  as  in  the  playing  card  experiment,  novelty  emerges  only  with 
difficulty,  manifested  by  resistance,  against  a background  provided 
by  expectation.  Initially,  only  the  anticipated  and  usual  are  experienced 
even  under  conditions  where  anomaly  is  later  to  be  observed.  Further 
acquaintance,  however,  does  result  in  awareness  of  something  wrong  or 

5Ibid,  p 62-61*. 
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does  relate  the  effect  to  something  that  has  gone  wrong  before.  That 
awareness  of  anomaly  opens  a period  in  which  conceptual  categories  are 
adjusted  until  the  initially  anamoulous  has  become  the  anticipated.” 
Compare  this  with  "Sure  that  he  had  the  answer,  Houbolt  attended 
meetings  of  NASA's  moon-shot  planning  group  to  promote  the  lunar- 
orbit-rendezvous  (LOR)  scheme.  His  reception  was  cool.  'Your 
figures  lie,'  shouted  one  excitable  member  of  the  group,  'I  don't 
believe  a word  of  it.'  Wernher  von  Braun,  present  at  the  same  meeting, 
dourly  shook  his  head  at  Houbolt 's  proposal  and  said,  'No,  that's  no 
good' .. .Gradually  [upon  repeated  exposures]  others  began  to  realize 
the  virtues  [accuracies]  of  Houbolt 's  scheme.  One  of  the  hardest  to 
convince  was  Werner  von  Braun.  But  when  he  was  finally  converted  to 
the  LOR  technique,  he  became  a formidable  advocate."^  In  a personal 
lecter  to  Houbolt,  von  Braun  apologized  for  his  late  conversion  and 
attributed  his  delay  in  accepting  LOR  to  the  fact  that  he  had  lived 
with  his  direct  concept  [paradigm]  for  many  years  and  it  influenced  his 
thinking.  Another  relevant  facet  of  this  episode  is,  that  according  to 
Kuhn,  "Almost  always  the  men  who  achieve  these  fundamental  Inventions 
of  a new  paradigm  have  been  either  very  young  or  very  new  to  the  field 

•7 

whose  paradigm  they  change.  This  certainly  applies  to  Dr.  Houbolt 
whose  previous  work  Lad  been  in  structural  mechanics  where  he  was  a 
recognised  national  authority  and  this  was  his  Initial  endeavor  into 

"Space",  Time,  February  28,  1969 

^Thomas  8.  Kuhn,  The  Structure  of  Scientific  Revolutions.  2nd  ed. 
(Chicago  and  London:  The  University  of  Chicago  Press,  1970),  p.  90 
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Returning  now  to  the  basic  question  of  how  the  individual 
researcher  or  technical  staff  makes  a significant  contribution,  the 
general  conclusion  drawn  from  the  above  is  that  it  is  through  the 
combination  of  three  elements: 

1.  the  accuracy  of  his  technology  base 

2.  having  available  forums  and  channels  to  present  his  data 

3-  perseverance 


! 
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The  Voyager  Years 
Langley  Administrative  System 

During  the  years  1961+  through  1967,  Langley  management  continued 
its  normal  operation  mode  established  in  the  pre-Mars  years.  It  was 
supportive  of  the  technical  staff's  work  in  mission  studies  and  in 
research,  offered  forums  for  the  researcher  to  present  its  data,  and 
guarded  Langley's  traditional  responsibility  to  charter  its  own 
course.  Until  Langley  management  could  see  the  end  of  the  Lunar 
Orbiter  project  in  1967,  it  restricted  its  interest  in  a Mars  project 
to  consulting  and  supporting  research.  Once  it  became  apparent  that 
the  Lunar  Orbiter  staff  would  be  available,  Langley  moved  to  accept 
entry  vehicle  hardware  responsibility  on  Voyager,  set  up  a project 
office,  and  appoint  a manager  to  interface  with  other  NASA  elements. 

Even  then,  Langley's  management's  instructions  were  firm  that  Langley 
should  define  its  own  charter  for  the  entry  vehicle  rather  than  have 
its  definition  edicted  by  the  overall  project  office.  Langley's 
participation  in  the  Voyager  program  was  compatible  with  its  previous 
position  regarding  project  participation;  i.e.,  project  participation 
was  a positive  value  provided  that  research  remained  the  primary 
emphasis  of  the  Center. 

The  following  actions  of  Langley  management  during  this  period  are 
cited  to  substantiate  the  thesis  that  Langley's  management  mode  was 

supportive  of  the  technical  staff  and  consistent  with  its  policies  of  j 

i 

allowing  the  researches  freedom  of  action  and  providing  forums  for  the  1 

$ 

.1 
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presentation  of  data; 

(1)  Approved  Dr.  Roberts  initiating  work  in  a new  technology 
with  a high  level  competent  staff. 

(2)  Approved  Dr.  Roberts  recommendation  for  a contractual  study 
of  $500,000  and  acted  as  intermediary  with  Headquarters. 

(3)  Approved  technical  staff's  recommendation  to  pursue  a para- 
chute research  program  including  the  approval  of  the 
utilization  of  the  balloon  launch  technique  although  the 
Deputy  Director  was  not  convinced  that  that  technical  approach 
was  optimum. 

(U)  Approved  a request  of  Dr.  Roberts  and  the  Planetary  Missions 
Technology  Steering  Committee  that  Langley  study  the  Saturn  V 
Voyager  entry  mission  mode  problem. 

(5)  Allowed  Dr.  Roberts  to  present  his  findings  at  a Joint 
Washington  Headquarters  meeting  with  OSSA  and  JPL.  Top  Langley 
management  attended  the  meeting  evidencing  support  of  technical 
staff. 

(6)  Appointed  James  Martin  as  manager  of  Capsule  Bus  system 
consistent  with  Langley's  Lunar  Orbiter  policy  of  divorcing 
projects  from  research  activity. 

(7)  Accepted  the  technical  staff's  findings  regarding  recommenda- 
tion for  allotment  of  capsule  bus  velght  and  assisted  in 
obtaining  a revision  of  JPL's  allocated  weight  distribution. 
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Technical  Staff's  Role 

The  technical  staff's  role  in  the  Voyager  period  will  be  examined 
in  two  particulars.  First,  an  analysis  will  be  made  of  the  staff  it- 
self during  the  important  initial  effort  in  an  attempt  to  explain  the 
staff's  productivity  when  viewed  in  the  context  of  Homan's  work  group 
behavior  model.  Second,  the  staff's  success  in  defining  the  Voyager 
mission  mode  will  be  analysed  in  relation  to  the  concepts  of  Kuhn. 

As  detailed  in  the  narrative,  the  nucleus  of  the  initial  effort 
was  a group  consisting  of  Dr.  Roberts  (Loads  Division),  Mr.  Roger 
Anderson  (Structures  Division',  Mr.  William  Mace  (Flight  Instrumenta- 
tion Division),  and  Mr.  James  McNulty  (Flight  Vehicles  and  Systems 
Division)  with  direction  and  resistance  from  the  respective  line 
organizations  as  required.  This  group  within  a period  of  five  months, 
starting  with  a very  limited  knowledge  of  Mars  mission  technology, 
defined  a probe  concept  including  conceiving  of  a parachute  to  remove 
the  instrument  package  from  the  heat  shield.  This  work  furnished  the 
bas^s  for  Langley  entering  the  Mars  missions  contractual  studies  which 
led  eventually  to  Langley  management  of  the  Viking  project.  The 
conceptual  scheme  to  be  used  to  examine  the  group's  high  productivity 
is  shown  in  figure  VIII-2  and  is  based  on  the  work  of  Professor  Oeorge 

g 

C.  Homans.  This  concept  models  the  system  aB  four  main  parts: 


Paul  R.  Lawrence  and  John  A.  Seiler,  Organizational  Behavior  and 
Administration  (Homewood,  Illinois:  Richard  D.  Irvin,  Inc.  and  the 

Dorsey  Press,  1965),  pp.  15^-l6U. 


WORK  GROUP  BEHAVIOR 
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Figure  VIII-2. — Homan's  work  group  behavior  model 


FEEDBACK 
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1.  Background  Factors:  factors  over  which  members  of  the  group 

have  little  or  no  control — personal  characteristics  and  back- 
grounds, external  economic  and  social  infleunces,  management 
policies  and  practices,  the  supervisor's  behavior,  the 
technology,  and  the  Job  design. 

2.  Required  and  Given  Behavior:  these  are  the  activities, 

interactions  and  sentiments  required  by  individual  members  of 
the  group  to  accomplish  the  task  together  with  the  given  senti- 
ments which  the  individual  members  bring  with  them. 

3-  Emergent  Behavior:  This  is  the  "black  box"  which  is  the  actual 

behavior  of  the  group  members  after  the  group  has  adjusted  to  a 
work  mode.  It  is  to  be  noted  that  different  groups  may  determine 
different  work  modes  for  the  same  task — hence  the  term  "black 
box"  which  implies  an  indefinite  or  mysterious  working  which 
cannot  be  formalized  or  directed  by  management  outside  the  group. 

1*.  Consequences:  These  axe  productivity,  satisfaction,  and 

individual  development  which  can  be  used  by  management  to  mea- 
sure the  effectiveness  of  the  system.  By  means  of  feedback, 
management  can  adjust  these  "consequences"  by  altering  the 
"background  factors"  and  "the  required  and  given  behavior." 

In  the  background  factors  Involving  personal,  economic  and  social 


factors,  the  members  of  the  group  were  much  the  same.  Each  member  had 
been  socialized  in  the  Langley  tradition,  was  a respected  researcher 
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or  engineer,  was  approximately  the  same  age,  and  had  demonstrated 
initiative  and  conscientiousness  on  past  assignments.  In  accord 
with  Langley's  management  assumptions  and  practices,  the  group  was 
given  newly  free  rein  to  develop  the  new  technology;  further, 
competent  leadership  behavior  and  capability  resided  in  the  group. 

The  required  activity  of  the  group — to'  develop  a focal  point  for 
Langley's  activities  in  the  form  of  a baseline  concept — was  one  that 
required  the  interaction  of  all  members.  The  required  sentiments 
were  that  the  individual  researcner's  parochial  interests  (structures, 
loads,  or  instrumentation)  be  set  aside  for  a time  while  an  integrated 
concept  was  defined.  This  caused  no  conflict  with  the  given  senti- 
ments because,  regardless  of  the  details  of  the  concept's  definition,  the 
output  would  define  many  problem  areas  in  all  disciplines  requiring 
research  programs. 

The  emergent  behavior  of  the  group  became  one  of  a solid  front 
where  problems  were  discussed  and  agreed  upon  by  the  group  before  pre- 
senting any  results  up  the  line.  Dr.  Roberts  emerged  as  the  unquestioned 
leader  and  spokesman  to  Langley  management;  he  played  the  lead 
technical  role  as  well  as  group's  spokesman.  Mr.  Anderson  acted  as 
Dr.  Robert's  "deputy"  and  was  interested  in  the  overall  mission 
aspects  as  well  as  the  structural  problems.  Mr.  Mace  remained  primarily 
an  instrumentation  consultant  but,  nevertheless,  cooperated  fully  and 
was  sympathetic  to  the  group's  objectives.  From  my  engineering 
coordination  experience  as  technical  project  engineer,  I fit  the  role 
as  an  integrator  to  mesh  the  disciplinary  Inputs  into  realistic 
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engineering  designs.  In  addition  to,  or  because  of,  my  "chief  engineer" 
duties,  I also  emerged  ns  the  focal  center  for  data  collection  and 
transmittal;  thus,  I was  relied  upon  by  the  group  to  draft  reports, 
work  statements,  presentations,  etc.  In  substance,  the  group's  small 
size  and  discipline  mix  could  be  likened  to  a "critical  mass"  in 
nuclear  energy.  They  were  the  "necessary  and  sufficient"  conditions 
to  accomplish  the  task;  there  were  no  extraneous  elements  to  divide 
the  responsibility  or  to  drain  the  staff's  energy  from  its  main  goal. 

The  consequences  resulting  from  this  emergent  behavior  was 
extremely  high  in  terms  of  production,  satisfaction,  and  individual 
development . The  relationship  and  work  requirements  were  stimulating 
and  enjoyable.  The  group  members  felt  they  were  making  a contribution 
to  Langley  and  NASA  and  the  organization  setup  was  compatible  with  the 
requirements  of  innovative  thinking  and  approaches.  The  feedback  that 
I received  through  my  line  organization  was  positive  in  that  our  group's 
efforts  were  recognized  to  be  highly  important. 

The  technical  staff  work  Inter  on  the  Saturn  V Voyager  will  now 
be  analyzed.  As  stated  previously,  the  Langley  staff  could  be 
considered  puzzle  solvers  working  on  the  border  of  normal  science. 

When  Dr.  Roberts  and  the  technical  staff  undertook  to  study  end  define 
a Mars  mission  mode,  there  was  no  Mars  mode  paradigm  existing  compared 
to  the  Von  Braun  paradigm  for  the  moon  landing  mode.  JPL  had  been 
working  on  the  puzzle  for  some  time,  had  a concept;  the  concept, 
however,  had  not  been  fully  articulated  and  was  not  entrenched 
sufficiently  to  qualify  as  a paradigm.  Thus,  JPL  and  Langley  were  both 
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trying  to  put  the  pieces  of  tb-  puzzle  together  to  obtain  a fit  of 
all  pieces. 

Langley's  technical  staff's  solution  to  the  puzzle  was  docu- 
mented as  Langley  Working  Paper  326,  "Modal  and  Conceptual  Design 
Comparisons  for  the  Voyager  Capsule,"  McNulty,  Snow  and  Roberts 
(Appendix  TV- B).  The  main  elements  of  the  mode  were  a 19-foot  heat 
shield  for  maximum  aerodynamic  braking  and  a parachute  performing 
the  dual  functions  of  removing  the  landing  package  from  the  heat 
shield  and  furnishing  transition  braking  prior  to  a retro-propulsion 
landing. 

A forum  was  arranged  in  Washington  Headquarters  for  Dr.  Roberts 
to  present  Langley's  findings  and  for  JPL  to  present  its  modal 
recommendation  of  an  all  propulsive  landing.  Both  technical  staffs 
were  accompanied  by  their  top  management.  Evidencing  our  newness  into 
interplanetary  study.  Dr.  Roberts  remarked  to  me  on  the  plane  to 
Washington  that  he  hoped  no  one  would  ask  him  if  he  ever  saw  a 
rocket;  I replied,  in  kind,  that  if  he  got  cornered,  he  should  switch 
the  subject  to  soil  mechanics  and  "I'd  kill  them." 

As  detailed  in  the  narrative.  Dr.  Roberts  presented  Langley's 
puzzle  solution  without  contradiction.  JPL's  mode,  on  the  other 
hand,  had  three  pieces  which  did  not  fit  the  puzzle  too  well;  they 
were: 

(1)  a smaller  heat  shield  which  did  not  furnish  optimum  braking. 

(2)  the  retro  firing  through  ports  opening  in  the  heat  shield 
which  represented  technology  beyond  the  state  of  the  art 


215 


(figure  IV-7). 

(3)  the  requirement  that  excess  propulsion  be  carried  (reducing 
payload  weight)  because  of  the  unknown  density  of  the 
atmosphere  to  furnish  braking. 

Langley's  mission  mode  vorx  was  Judged  sound  enough  for  Langley 
to  be  awarded  the  capsule  responsibility. 

Further  along  in  the  program  when  the  OSSA-JPL  guidelines  on 
capsule  bus  weight  allocation  threatened  to  limit  the  technical 
staff's  position  on  design  specifications*  the  FVSD  staff  was  able 
to  obtain  a revision  in  project  guidelines  through  an  analytical  study 
and  push  its  recommendations  through  the  multi-tiered  project 
organization. 

Thus*  Langley's  technical  staff  had  created  a governing  model 
(paradigm)  for  landing  an  instrumented  package  on  Mars;  normal 
science  could  now  proceed  with  the  hardware  design  and  development 
puzzles  within  that  model.  As  in  the  Houbolt  case*  it  should  be 
noted  that  this  paradigm  development  was  in  keeping  with  Kuhn's 
thesis  that  the  pioneering  work  is  achieved  by  those  "either  very 
young  or  very  new  to  the  field." 

In  svassatlon,  we  find  that  the  same  three  elements  have  combined 
in  the  Mars  study  as  ney  did  in  the  Apollo  study  to  allow  emergence 
of  a model.  To  repeat*  they  are: 

1.  the  accuracy  of  the  technology  base 

2.  the  availability  of  forums 
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CHAPTER  IX 


HEADQUARTERS'  OPERATION  IN  VOYAGER  YEARS 
Summary 

The  chapter  analyzes  the  operational  system  of  Headquarters 
during  the  years  196U-1967  when  it  was  ttempting  to  define  a major 
Voyager  program.  It  discusses  the  factors  influencing  a decision 
while  Headquarters  (OSSA)  is  lacking  adequate  resources  and  a proven 
technology  base.  The  Saturn  V decision  is  examined  analytically  by 
use  of  a statistical  mathematical  model  and  insights,  into  the 
ineffectiveness  of  the  Mars  Probe  Working  Group  are  provided  through 
application  of  Homan's  model. 
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Background  Factors 

OSSA,  Washington  Headquarters,  relied  on  JPL  to  carry  out  limited 
interplanetary  missions  in  the  pre-Voyager  years.  Faced  vith  a possible 
future  requirement  of  mounting  a major  program  to  the  planets  after 
completion  of  Apollo,  OSSA  took  a tentative  step  toward  increasing 
its  capability  by  approving  Langley’s  entree  into  Mars  entry  and, 
later,  landing  technology.  This  step,  however,  was  far  from  suffi- 
cient when  viewed  from  the  overall  NASA  program— a machine  geared  to 
a yearly  budget  over  six  billion  dollars  and  the  production  of 
Saturn  V's  at  Marshall.  Despite  the  gathering  political  clouds 
described  in  the  narrative,  OSSA  "bit  the  bullet"  and  proposed  a Saturn 
V Voyager  mission  under  OSSA  managership  and  requiring  cooperative 
support  from  JPL,  Langley,  and  Marshall.  Not  having  the  Center 
resources  that  OSMF  had  for  Apollo,  OSSA  realized  that  a new  mode  of 
cooperative  effort  from  varied  NASA  centers  would  be  required.  To 
further  a c 'operative  spirit  among  Centers,  GsSA  set  up  sn  inter-Ccater 
Mars  Probe  Working  Group  to  define  a probe  for  the  1971  Mars  Mariner. 
With  Langley,  an  DART  Center  maintaining  its  independence  and  JPL 
vith  a capability  sufficient  only  for  Mariner  type  missions,  OSSA  was 
in  the  unevlable  position  of  making  independent  decisions  with  a 
limited  data  base.  Two  of  its  decisions  will  be  analysed,  in 
retrospect,  in  the  following  sections.  The  Saturn  V decision  will  be 
examined  by  constructing  a mathematical  model  of  the  risks  associated 
vith  the  various  mission  alternatives  available  to  068A  in  defining 
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the  Voyager  program  in  October  1965.  The  effectiveness  of  the  Mars 
Probe  Working  Group  will  be  analyzed  in  terms  of  Homan’s  model  for 


group  behavior. 
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The  Saturn  V Decision 

The  situation  prior  to  OSSA's  decision  to  use  the  Saturn  V as 
the  launch  vehicle  was  (1)  OSSA  had  assigned  Voyager  project 
responsibility  to  JPL  with  Langley  providing  "support  in  the  area  of 
entry  technology,"  (2)  Langley's  contract  with  AVCO  was  to  be  used  to 
define  the  probe  lander,  and  (3)  the  Saturn  IB  and  Centaur  were  to 
be  mated  as  the  launch  vehicle.  JPL  was,  at  this  time,  to  be 
responsible  for  the  launch  vehicle,  orbiting  spacecraft,  operations, 
and  overall  management  in  the  same  manner  as  it  had  been  on  the  Mariner 
missions.  This  existing  relationship  is  shown  on  figure  IX-1.  Once 
the  probe  lander  was  defined,  the  total  mission  hardware  responsibility 
would  become  concentrated  in  OSSA-JPL.  This  arrangement  was  reviewed 
by  OSSA  in  October  1965  vhen  it  became  evident  that  the  1971  mission 
was  threatened  by  a lack  of  funds  to  allow  the  development  of  the 
Saturn  lB/Centaur  launch  vehicle.  This,  in  addition  to  other  factors 
including  the  need  to  define  a major  program  to  follow  Apollo, 
required  a reassessment  by  OSSA.  These  factors,  as  discussed  in  the 
narrative,  are  indicated  on  figure  IX-2. 

A mathematical  model  can  be  constructed  to  represent  the  probability 
of  carrying  out  a successful  Voyager  mission  in  1971*  In  developing 
the  model,  Bayesian  statistics  will  be  utilized  as  there  is  insuffi- 
cient data  to  allow  the  use  of  classical  statistics.  Bayesian 
statistics  incorporates  the  utilization  of  estimated  or  conditional 
probabilities  based  on  previous  knowledge  and  iteration  of  the 
process  as  better  data  becomes  available. 
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Figure  IX-1 . — Voyager  organization  plan  (July,  1965) 
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Figure  IX-2.— Factors  forcing  a reassessment  of  Voyager  Definition 

(October,  1965). 
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As  stated  by  Tribus  "We  shall  adopt  the  view  that  we  are 
engaged  in  a chain  of  inductive  logic  and  that  at  each  point  where  an 
answer  is  required  we  shall  report  the  best  inference  we  can  make 
based  upon  the  evidence  available  to  that  point.  As  new  evidence 
becomes  available  (which  evidence  may  pertain  to  the  truth  of  that 
which  we  had  previously  taken  as  given)  we  shall  use  the  same  procedures 
to  update  our  ini erences  as  was  used  in  the  first  place.  In  this 
approach,  nothing  is  ever  considered  to  be  settled  with  finality.  All 
that  can  be  said  on  any  particular  question  is  that  the  evidence  is 
so  overwhelming  that  it  doesn't  seem  worthwhile  to  pursue  the  matter 
any  further."1  As  an  example,  a simplified  model  to  give  insight  into 
the  problem  is  developed  below: 

Let 

A * obtaining  1966  funding 

B « obtaining  sufficient  subsequent  yearly  funding 
C * solving  the  technological  problems  on  schedule 
D * defining  a satisfactory  management  organization 
X » state  of  knowledge  based  on  past  experience 
The  probability  of  a successful  mission  could  be  expressed  as 
p(ABCD|X)  which  is  read  as  the  probability  based  on  past  experience 
of  obtaining  1966  funding  and  obtaining  sufficient  subsequent  yearly 
funding  and  solving  the  technological  problems  on  schedule  and 
defining  a satisfactory  management  organization.  Expanding  by  the 

^Ttyron  Tribus,  Rational  Descriptions.  Decisions,  and  Designs 
(New  York,  N.  Y.:  Permamon  Press,  1969),  p«  26. 


! 
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product  rule,  we  obtain: 

p(abcd|x)  = p(a|bcdx)  p(bcd|x) 

= p(AjBCDX)  p(B|CDX)  PICD|X) 

= p(A|BCDX)  p(B|CDX)  p(C|DX)  p(D|x)  (Equation  IX-l) 

First,  equation  TX-1  will  be  examined  for  the  proposed  1971 
Saturn  lB/Centaur  mission.  It  is  immediately  evident  that  the 
schedule  for  the  1971  mission  has  zero  probability  of  being  success- 
fully followed  since  the  first  term  p(A|BCDX)  is  known  to  be  zero 
owing  to  the  funds  squeeze  caused  by  Vietnam,  Apollo,  etc.  However, 
equation  IX-l  can  be  examined  for  compressing  the  schedule  and  waiting 
until  1967  funding  to  start  the  launch  vehicle  development.  Now 
p(A|BCDX)  has  a real  number  where  A equals  obtaining  1967  funding. 

Let  us  be  optimistic  and  assume  p(A|BCDX)  = 0.8  because  expert  opinion 
is  that  the  Vietnam  war  will  be  winding  down.  The  second  term 
P(B|CDX) — the  obtaining  of  subsequent  funding — will  be  assumed  at  0.9 
since  the  program  would  be  an  ongoing  program  gathering  momentum  and 
its  budget  would  only  be  of  the  order  of  200  million  dollars  per  yew 
out  of  a NASA  budget  of  6 billion  dollars  or  3t.  The  third  term 
p(C | DX)~ solving  the  technological  problems  on  schedule— becomes 
significant.  Past  experience  (X)  shows  that  it  took  five  years  to 
develop  the  Atlas/Centaur  and  then  there  was  an  additional  tvo  and 
one-years  before  it  was  mated  successfully  with  Surveyor.  While  a 
learning  curve  should  shorten  this  interval,  the  p(C|DX)  should  be 
less  than  0.5  for  shortening  the  interval  to  four  years;  assume 
P(C|DX)  ■ 0.33.  The  last  term  p(D |x > — defining  a satisfactory 


management  organization — should  be  high  based  on  JPL's  Mariner 
experience  (X);  assign  p(b|x)  = 0.95*  Thus,  the  estimated  probability 
of  a successful  1971  mission  (with  launch  vehicle  development  delayed 
to  1967)  is: 

p(ABCDfx)  = 0.8  x 0.9  x 0.33  x 0.95 
= 0.226  or  25% 

Another  alternative  to  be  considered  could  be  the  postponing  of 
the  1971  mission  co  the  next  launch  opportunity  in  1973.  The  funding 
requirement  per  year  would  then  be  decreased,  and  the  Apollo  and 
Vietnam  pressures  should  be  lessened.  These  factors  tend  to  increase 
both  p(A]BCDX)  and  p(B|CDX);  assume  p(ABCD|X)  = 0.9  and  p(B|CDX) 

= 0.95.  p(c|DX) — the  technical  and  schedule  problems — should  increase 
appreciably  to  about  O.85  and  p (D ( X ) remain  unchanged.  The 
probability  for  a successful  1973  Saturn  lB/Centaur  mission  would  be: 

p(ABCD|X)  * 0.9  x 0.95  x O.85  x 0.95 
= .69  or  T0% 

The  model  will  now  be  used  to  estimate  the  probability  of  carrying 
out  a successful  1971  Saturn  V Voyager  mission.  The  probability  of 
obtaining  sufficient  1966  funds  to  start  the  Voyager  program  was 
considered  good  since  the  deletion  of  funds  for  development  of  the 
Saturn  lB/Centaur  was  felt  to  be  a sufficient  reduction  to  NASA's 
proposed  budget  to  obtain  approval;  assume  p(ABCD|x)  « 0.75.  The 
estimation  of  the  other  three  probabilities  is  less  clear  than  for 
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Saturn  lB/Centaur  case  because  of  mission  unknowns  (the  problems  not 
previously  studied)  and  that  the  much  greater  launch  capability  allows 
for  a larger  and  more  expensive  mission.  However,  by  assuming  true 
(p=l)  the  OSSA  guideline  that  the  1971  test  capsule  (lander)  to  be  a 
relatively  simple  package  and  landed  by  subsonic  chute  only,  it  is 
possible  to  make  rational  probability  estimates;  the  uncertainty 
concerning  the  guideline  assumption  (p*l)  then  means  that  the  resulting 
overall  probability  will  be  on  the  optimistic  side.  The  probability 
of  obtaining  sufficient  funding  in  subsequent  years  p(B|CDX)  is 
influenced  by  two  counter -acting  forces,  the  inertia  tending  to 
increase  the  probability  and  the  larger  funding  requirements  for  a 
Saturn  V launch  decreasing  the  probability  because  of  its  visibility 
and  larger  percentage  of  the  NASA  budget.  Thus,  it  is  estimated  that 
p ( B | CDX ) will  remain  at  0.75*  The  probability  of  solving  the  technical 
problems  on  schedule  is  estimated  to  be  less  than  for  the  Saturn  IB/ 
Centaur  mission  simply  because  the  problems  h"ve  not  been  as  deeply 
studied  or  defined;  set  p(BjCDX)  at  0.8.  The  defining  of  a 
satisfactory  management  organisation  becomes  complicated  with  the 
addition  of  the  Office  of  Space  Manned  Flight's  (OSMF)  Marshall 
Center  to  supply  the  Saturn  V.  The  management  organization,  than 
in  process,  is  shown  in  figure  IX-3  and  it  is  doubtful  that  JPL  could 
exercise  sufficient  project  control  over  Marshall;  thus,  some,  as  yet 
undefined,  changes  would  be  required.  The  project  utilization  of 
centers  from  three  different  Washington  Offices  would  be  a novel 
undertaking  and  require  new  management  techniques;  assume  p(D|X)  ■ 
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Figure  H-3. — Voyager  organization  plan  (October,  1965 ) 
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0 67.  The  probability  of  achieving  a successful  1971  Voyager  Saturn 
V mission  would  be: 

p(ABCD|x)  = 0.75  x 0.75  x 0.80  x 0.67 
= . 30  or  30/t 

A summary  of  these  results  are  shown  in  matrix  form  below: 

p(a|bcdx)  p(b|cdx)  p(c|dx)  p(d|x)  p(abcd|x) 
1966  Funds  1967-1971  Technology  Management  Mission 
Funds  Success 


1971  Saturn  IB 
(1966  Start) 

0 

0 

1971  Saturn  IB 
( I 967  Start ) 

0.80 

0.90 

0.33 

0.95 

25* 

1973  Saturn  IB 
(1967  Start) 

0.90 

0.95 

0.85 

0.95 

10% 

1971  Saturn  V 

0.75 

0.75 

0.80 

0.67 

30% 

(1966  Start) 

An  analysis  of  these  data  indicates  the  following: 

1.  A 1971  Saturn  IB  mission  (with  a delay  of  one  year  in  obtain- 
ing vehicle  development  funds)  had  only  a 25 % chance  of  mission 
success.  The  main  factor  in  this  low  probability  was  the  liklihood 
of  solving  the  technical  problems  in  the  compressed  time  schedule. 

2.  Postponing  the  Saturn  IB  mission  to  1973  increased  the 


probability  of  success  to  70S 
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3.  Switching  to  the  developed  Saturn  V for  the  1971  mission 
only  increased  1971  mission  success  probability  to  30Jt  from  25if-  This 
was  because  the  technology  probability  gain  in  changing  to  a developed 
launch  vehicle  was  balanced,  more  or  less,  by  an  or^mizational  com- 
plexity unique  to  NASA's  experience  which  increased  the  uncertainty. 

Headquarters,  thus,  had  a choice  among  alternatives — a 1971 
mission  (Saturn  IB  or  Saturn  V)  with  only  25-30*  probability  of 
..  Lie  .ess  or  u.  1973  Saturn  lu  mission  with  a 7f'<  probability.  It  would 
appear  likely  that  Headquarters  would  forego  the  1971  mission  and 
decide  on  the  1973  Saturn  IB  mission;  this  conclusion,  however, 
neglects  other  important  factors  influencing  the  decision.  These 
factors,  as  mentioned  previously  are: 

1.  The  need  was  great  to  define  a new  major  program  tc  follow 
Apollo.  The  overall  "climate"  at  the  time  was  such  that  NASA  was 
expected  to  go  on  to  greater  things — exploration  of  the  planets, 
space  stations,  lunar  colonies,  etc. 

2.  Of  possible  follow-on  program  alternatives,  the  science 
community  favored  a Mars  program.  "In  October  1964,  the  Space 
Science  Board  of  the  National  Academy  of  Sciences  recommended  that 
unmanned  exploration  of  the  planet  Mars  involving  both  physical  and 
biological  investigations,  and  expressly  the  search  for  extraterrestrial 
life,  be  made  the  primary  objective  of  the  nation's  space  effort  in 

the  decade  following  Project  Apollo.' 

^Donald  P.  Hearth,  "Voyager,"  Astronautics  and  Aeronautics, 

Vol.  3 Ho.  3,  May  1965.  p.  l6. 
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3.  The  long  lead  time  necessary  from  program  initiation  to  execu- 
tion required  that  a decision  be  made. 

Thust  the  utility  value  of  a major  program  may  veil  have  been  the 
major  factor  in  the  selection  of  Saturn  V mission.  It  is  also  likely 
that  OSSA  considered  data  not  available  at  the  technical  level  regard- 
ing funding  and  management  in  its  decision  making  process.  However*  as 
indicated  by  the  low  probabilities  in  the  analysis,  it  appears  that 
OSSA  did  not  have  a sufficient  data  base  to  ensure  that  the  mission  vas 
viable. 

Following  the  Saturn  V decision,  OSSA  set  up  the  Interim  Project 
Office  at  Pasadena  where  it  could  rely  on  JPL  for  staff  functions 
because  of  the  limited  resources  available  to  OSSA.  Again,  while  the 
organization  (management  committee,  working  groups,  and  panels)  vas 
complicated,  the  problem  of  managing  and  unifying  diverse  Centers  from 
coast  to  coast  required  a new  approach.  Further,  in  the  one  case— that 
of  allocating  weights  for  the  Capsule  Bus  described  in  the  narrative— 
the  organizational  system  was  responsive  to  pressure  from  the  technical 
staff  in  its  decision  making  process.  It  is  unknown  whether  the  organi- 
zational arrangements  vould  have  proved  viable  in  the  long  run.  Opinions 
vary  on  this  subject  among  those  who  were  participating  In  the  Voyager 
effort.  Some  felt  that  the  organization  vas  unvieldly  and  that  overall 
project  managment  would  be  designated  eventually  to  a Center— probably 
Marshall  when  it  got  familiar  with  the  project.  Others  were  encouraged 
with  the  way  the  Centers  were  cooperating  at  the  technical  staff  levels 
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and  felt  that  once  the  system  interfaces  were  agreed  upon  that  the 
actual  work  could  he  carried  out  efficiently. 

With  regard  to  the  Voyager  cancellation,  it  is  apparent  that  NASA 
Headquarters  failed  to  evaluate  correctly  the  political  factors.  The 
further  lack  of  appreciation  of  the  sensitivity  of  the  OSMF  procurement 
release  for  a manned  Mars  study  (described  in  the  Narrative)  indicated 
the  omission  of  an  overall  coordinated  plan.  Finally,  when  Voyager 
was  cancelled,  NASA  Headquarters  had  not  made  any  contingency  plans 
and  was  left  without  a planetary  program  of  any  type.  NASA's  lack  of 
expertise  in  this  political  area  can  be  explained  by  the  fact  that  it 
was  a new  agency  created  primarily  tc  carry  out  a technical  mission, 
Apollo,  which  did  not  require  "marketing.”  However,  with  Apollo  coming 
to  a conclusion  and  the  fiscal  pressure  building  for  social  programs, 
NASA  could  have  realized  that  NASA's  operation  was  changing  and  gi vttr. 
more  emphasis  to  factors  other  than  technical. 
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The  Probe  Working  Group  Experiment 

The  objectives  of  the  Probe  Working  Group  (PWG),  as  expressed  by 
OSSA,  were  to  obtain  the  definition  of  a 1971  Mars  Mariner  Probe  and 
to  promote  inter-Center  working  relationships  by  including  Center 
participation  in  the  decision  making  prc-^ss.  As  discussed  in  the 
narrative,  the  concept  did  not  prove  viable  in  the  promotion  of  inter- 
Center  cooperation.  No  favorable  group  sentiments  evolved;  from 
start  to  end,  there  were  five  separate  factions — OSSA,  JPL,  Ames, 
Goddard  and  Langley.  An  examination  of  Homan's  model  (figure  VIII -2) 
would  have  given  indications  that  the  PWG  exercise  would  result  in 
failure  in  this  instance.  For  example,  the  following  elements  can 
be  noted: 

1.  The  Job  Design  was  not  clear.  Was  it  a scientific  Job,  an 
instrument  Job,  or  an  engineering  Job?  If  all  three,  the 
time  was  too  constrained  to  meet  the  objective. 

2.  The  Physical  Conditions  were  such  that  group  sentiments 
could  not  develop — a large  conference  room  with  the  various 
camps  grouped  together.  In  addition,  the  number  of  people 
were  excessive— typically,  six  from  OSSA,  three  from  Ames, 
four  from  Goddard,  five  from  JPL,  and  one  from  Langley;  it 
was  not  unusual  for  over  30  people  to  he  in  attendance 
including  experimenters. 

3.  The  Social  Environment  was  non-existent.  The  individual 
members,  except  for  their  own  group,  met  only  in  the 


conference  room 
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It.  In  External  Rewards  and  Punishments,  the  Center  representa- 
tives, with  the  possible  exception  of  JPL,  were  not  beholden 
to  OSSA  but  were  dependent  upon  their  own  Center.  In 
addition,  OSSA  managed  the  meetings  in  an  authoritarian 
manner — with  OSSA  as  a self  designated  leader;  however,  it 
is  doubtful  that  any  management  behavior  could  have  succeeded 
under  the  circumstances. 

For  an  effort  similar  to  the  PWG  to  succeed,  careful  planning  is 
essential.  It  is  suggested  that  the  following  elements  be  considered: 

1.  Breaking  up  the  group  into  t.f.ams 

(a)  a scientific  team  to  define  the  objectives 

(b)  an  instrument  team  to  define  the  instruments 

(c)  an  engineering  team  to  define  the  hardware  and  its 
development 

2.  Allowing  each  team  to  select  its  leader  and  do  the  Job  Jn 
its  own  way  with  OSSA  staying  in  the  background. 

3.  Keeping  the  teams  together  for  a sufficient  period  of  time 
to  develop  group  sentiments — perhaps,  a "retreat”  type  of 


work  shop. 


CHAPTER  X 


TECHNICAL-ADMINISTRATIVE  INTEGRATION,  THE  VIKING  YEARS 

Summary 

This  chapter  examines  the  means  by  which  NASA  "put  it  all 
together"  to  culminate  all  the  previous  work  and  define  a Mars  landing 
project.  Twplo'  will  ' '-.elude  the  definition  of  objectives  mutually 
satisfactory  to  the  technical  and  administrative  staffs,  the  technical 
and  administrative  efforts  performed  to  obtain  the  necessary  data  for 
a decision,  and  the  Viking  decision.  An  analytical  model  will  be 
presented  to  examine  the  "pay-off"  associated  with  the  various  mission 
options  and  its  correlation  with  the  final  decision  will  be  analyzed. 
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The  Uniting  of  Technical  and  Administrative  Objectives 


This  section  will  examine  how  and  why  the  technical  and  adminis- 
trative factions  became  united  in  an  approach  to  defining  the  Mars 
landing  project.  As  will  be  recalled,  OSSA  requested  assistance  in 
defining  a more  "modest"  Mars  mission  after  the  cancellation  and 
Langley  responded  with  full  cooperation. 

The  Technical  Staff's  Role 

The  FVSD  staff,  given  the  freedom  to  pursue  its  concepts 
independent  of  Langley's  mainline  effort,  derived  a new  model  for 
the  entire  system,  launch  to  landing,  which  utilized  a new  launch 
vehicle,  the  Titan/Centaur,  in  conjunction  wiuh  the  Robert's  paradigm 
for  the  entry  and  landing  mode.  This  was  Langley's  first  attempt  at 
solving  the  entire  system  mission  puzzle;  the  solution  was  achieved 
within  three  months  and  documented  as  Langley  Working  Paper  5**7, 
"Study  of  Titan  III  F/Centaur's  Capability  to  Carry  Out  a 'Voyager 
Type'  Mission,"  Snow,  McNulty,  Carmines,  and  Falk.  Again,  a forum 
was  arranged  by  Mr.  Kilgore  and  Langley  management  where  the  findings 
of  this  small  group  could  be  presented  directly  to  OSoA  personnel  by 
the  technical  staff  personnel  almost  as  Houbolt  phrased  it,  in  his 
case,  "as  a voice  in  the  wilderness."  The  FVSD  staff  was  able  to 
make  this  contribution  In  such  an  effective  manner  because  of  the 
following  elements: 

(l)  a highly  motivated  small  team  experienced  in  the  technology. 
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FVSD  staff  had  experience  with  the  total  system  concept 
through  studies  of  Venus  missions. 

(2)  a well  defined  puzzle — largest  possible  mission  without 
Saturn  V. 

(3)  effective  leadership  by  Mr.  Kilgore,  FVSD  Division  Chief, 
who  filled  the  group’s  management  role  left  void  by  Dr. 
Robert's  departure. 

Mr.  Martin's  technical  staff,  hindered  by  an  ill-defined  puzzle 
and  too  many  participants,  were  working  effectively  in  sub-system 
areas  ar.d  demonstrating  their  ability  to  transfer  their  Lunar  Orbiter 
technology  to  Mars  applications.  Their  study  of  broader  missions 
carried  out  with  total  dedication  indicated  their  readiness  to  assume 
and  carry  out  any  project  responsibility  assigned  to  Langley. 

Langley  Management's  Role 

For  the  first  time  in  the  Mars  program  Langley  management  entered 
into  a new  policy  of  full  cooperation  with  Headquarters  on  the 
definition  of  a more  "modest"  mission.  A large  staff  was  assigned  by 
the  Director  to  work  on  the  problem  and  channels  were  furnished  to 
Mr.  Martin  and  Mr.  Kilgore  to  present  findings  to  OSSA.  The  evidence 
indicated  that  Langley  management  believed  that  a more  "modest" 
mission  would  be  within  Langley's  resources  and  mode  of  operation. 
Thus,  the  objectives  of  NASA  management  and  Washington  Headquarters 
coincided  on  the  need  to  define  and  carry  out  a national  Mars  landing 
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The  Union  of  Washington  Headquarters  and  Langley 

Two  months  after  FVSD's  presentation  to  OSSA,  OSSA  announced  that 
Langley  would  be  manager  of  a comprehensive  contractual  study  effort 
of  various  mission  options  to  Mars  with  all  data  to  be  obtained  in 
about  ten  months.  Some  general  OSSA  guidelines,  detailed  in  the 
Narrative,  were  included  but  near  absolute  technical  responsibility 
was  given  to  Langley  on  procurements  and  mode  of  operation.  This 
action  negated  any  competition  between  Centers  and  allowed  the  technical 
work  to  proceed  without  interruption  or  change  in  guidelines  and,  thus, 
obtain  the  necessary  technical  data.  It  further  freed  Headquarters 
from  the  technical  area  so  H could  concentrate  on  the  political 
aspects— obtaining  support  from  the  scientific  community,  Bureau  of  t.he 
Budget,  and  Congress.  Thus,  responsibilities  were  set  so  that 
administrative  and  technical  studies  could  proceed  in  a rational, 
methodical  manner  toward  an  end  point. 

Langley  took  +he  necessary  steps  to  fulfill  its  responsibilities. 
Langley  management  gave  full  support  to  the  project.  It  created  a 
Viking  Project  Office  under  James  Martin  reporting  at  the  Director 
level  and  supported  the  office  in  its  dealings  with  Headquarters  and 
in  contractual  procurements  (studies  and  mission  hardware).  The 
Viking  Project  Office  coordinated  the  mission  planning  by  contracting 
various  mission  option  studies  to  industry,  working  with  JPL  on 
spacecraft  definition,  and  serving  as  a hub  in  data  transmission  to 
Headquarters.  FVSD's  technical  staff  served  as  a technical  consultant 
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to  the  Viking  Pro.lect  Office  and  continued  to  study  and  evaluate  the 
various  mission  mode  options.  The  results  of  its  independent  in-house 
studies  on  the  relative  merits  of  the  options  ware  documented  and 
forwarded  to  the  Project  Office  for  consideration. 

Headquarters,  meanwhile,  conducted  a study  of  the  political 
environment — obtaining  and  developing  support  from  the  scientific 
community,  Bureau  of  the  Budget,  and  Congress.  Thus,  near  the  end  of 
1968,  all  the  pieces  of  the  puzzle — technical  and  administrative- -had 
been  collected  so  as  to  determine  a fit.  It  was  the  first  time  in  the 
Mars  program  that  there  was  technical  and  administrative  agreement  on 
the  definition  (not  the  solution  as  yet)  of  the  puzzle. 

The  main  determinants  in  obtaining  sufficient  data  for  the  mission 
solution  (answer  to  the  puzzle)  are  Judged  to  be: 

(1)  OSSA  assigning  full  technical  responsibility  to  one  Center 
under  broad  guidelines  which  remain  firm  throughout  the  data 
collection  period. 

(2)  Langley's  management's  full  political  support  to  OSSA,  i.e., 
common  objectives. 

(3)  The  Viking  Office's  dedicated  effort  to  obtain  the  technical 
data,  i.e.,  team  self  motivated. 

(4)  OSSA  emphasizing  obtaining  political  support,  i.e.  getting 
a good  sense  of  the  political  environment. 
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The  Viking  Decision 

Once  the  pieces  had  been  assembled,  an  innovative  concept  was  used 
to  assure  that  the  technical  data  was  communicated  correctly  to  the 
decision  makers.  This  concept  was  the  two  week  meeting  described  in- 
depth  in  the  Narrative,  where  various  mission  alternatives  were 
detailed  by  contractors  and  NASA  personnel.  These  options  can  be 
examined  analytically  by  using  a "utility"  concept  in  a decision 
tree  format  to  illustrate  the  problem  which  was  facing  NASA  management. 

Figure  X-l  defines  the  mavur  options  presented  to  NASA  management 
at  the  summary  meeting.  The  lander  options  are  based  primarily  on 
the  choice  of  launch  vehicle.  The  smaller  Titan  IIIC  vehicle  will 
allow  either  an  orbiting  spacecraft  with  a 200  pound  atmospheric 
probe  or  a flyby  spacecraft  with  a 1100  pound  direct  entry  lander. 

The  Titan/Centaur  vehicle  has  sufficient  capability  to  allow  an 
orbiting  spacecraft  with  a 1500  pound  out  of  orbit  lander.  Costs 
for  the  various  elements,  total  mission  costs,  and  the  mission 
science  capability  are  also  shown  on  the  figure.  It  should  be  noted 
that  option  3 (Titan  IIIC,  flyby  spacecraft,  and  direct  entry  hard 
lander)  most  closely  approximates  the  OSSA  guidelines  for  cost 
and  mission  objectives. 

An  analytical  procedure  will  now  be  developed  to  obtain  a 
relative  utility  value  per  cost  unit  for  the  various  options.  It  is 
first  necessary  to  subjectively  assign  utility  (U^)  to  the  scientific 
data  obtainable  for  the  various  option  missions.  The  following  utility 
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values  are  assigned: 

U = 100 
U2  = 500 
U3  = 500 
= 2000 
U5  = 2000 

The  rationale  for  these  assignments  is  as  follows: 

The  science  for  option  1 is  only  atmospheric  data.  This  data  is 
already  known  to  some  extent  from  indirect  measurements  from  Earth 
and  from  orbiting  spacecraft  and  the  new  data  would  only  increase  the 
accuracy  and  confidence  level.  In  addition,  it  is  felt  that  the 
mission  would  not  be  considered  worthwhile  by  the  general  public.  The 
value  of  100  is  assigned  as  a baseline  measure. 

The  science  for  options  2 and  3 would  include  landed  data  but 
would  be  limited  by  the  one  day  operation  of  the  batteries.  The 
total  communication  capability  could  be  taken  up  by  the  transmission 
of  a panoramic  TV  picture  of  the  M.^rti  planet;  in  any  event,  the 
time  would  be  too  limited  to  allow,  for  example,  sophisticated 
instruments  to  take  soil  samples,  analyze  the  sample,  and  transmit 
the  data  to  Earth.  The  pictures  of  the  Mars  surface  might  well 
interest  the  general  public  in  addition  to  providing  the  scientists 
with  new  data  to  analyze.  A factor  of  5 was  applied  to  the 
baseline  value. 

The  science  for  options  U and  5 contains  TV  pictures  in  addition 
to  sophisticated  measurements  taken  on  the  Martian  surface  for  an 


extended  period  of  time.  Expected  data  would  include  sufficient 
information  for  scientists  to  Judge  whether  conditions  sure  favorable 
on  Mars  to  allow  for  any  lifeforms  to  exist.  The  utility  value  for 
this  data  package  was  estimated  to  be  four  times  that  of  the  short 
landed  mission. 

The  corresponding  estimated  required  funding  (F^)  in  millions  of 
dollars  for  the  mission  options  are  as  follows: 

F1  * $225 
F2  = $365 
F3  * $325 
Fk  ■ $615 
F5  = $530 

Lander  and  orbiter  costs  sure  taken  from  Viking  Project  Office 
document  entitled  "Discussion  of  Mars  '73  Mission  Baseline  and 
Alternatives"  dated  February  12,  1966.  Launch  vehicle  costs  are 
taken  from  General  Electric  Corporation's  final  report  "Direct  versus 
Orbital  Entry  for  Mars  Mission"  dated  August  1,  1966. 

In  order  to  develop  the  utility  value  per  cost  unit,  it  is 
necesssury  that  probabilities  be  assigned  for  each  mission  option. 
These  probabilities  are  shown  on  figure  VI-3  and  their  rationale  is 


discussed  below: 
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A^:  launch  vehicles 

Titan  II IC  is  proven  launch  vehicle;  p = 0.98.  Titan/Centaur 
mating  does  not  appear  to  be  problem  and,  in  addition,  will  be 
flight  tested  prior  to  Mars'  launch;  p = 0.95. 

B^:  spacecraft 

Mariner  orbiters  have  been  successfully  demonstrated;  p = 0.93. 
Fly-by  spacecraft  would  have  slightly  better  reliability  since 
orbit  propulsion  burn  would  not  be  required;  p * 0.95. 

C^:  landers  or  pro' e 

Probe  mission  from  out  of  orbit  would  be  the  simplest  mission. 
Low  ballistic  number  and  low  entry  angle  would  minimize  loads 
and  allow  use  of  subsonic  parachute;  p = 0.90. 

Direct  entry  soft  lander  would  be  the  hardest  mission.  High 
entry  angle  would  challenge  the  terminal  stage  technology  to 
safely  effect  a landing;  p * 0.50. 

Direct  entry  hard  lander  would  have  similar  entry  loading  and 
deceleration  problems  but  could  oe  designed  to  take  high 
impact  loading;  p * 0.75. 

Soft  lander  out  of  orbit  is  well  >inderstood  but  environment  is 
extremely  demanding  on  terminal  stage  design;  p * 0.8. 

Hard  lander  out  of  orbit  presents  less  demands  on  terminal 
entry  technology  but  technology  is  not  understood  on  how  to 
orient  the  impact  ball  at  the  landing,  remove  impact  attenuation 
material  from  ball,  open  ball,  and  deploy  instruments;  p * 0.75. 
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The  expected  utility  per  million  dollars  for  each  option  can  be 
expressed  as: 


< 


p(o1!e1) 


(Equation  X-l) 


where 

0^  = successful  mission 

* evidence 

and  p(0i|E.)  = p(Ai  Bi  CjE^ 

where 

* successful  launch  vehicle 
= successful  spacecraft 

* successful  probe  or  lander 

* funding  required  in  millions  of  dollars 
expanding  by  Bayes  Equation 

pfOjE.)  = p(Ci|Ai  Bi  Et)p(A1  B1|Ei) 


- p(CjA1  B1  EJL)p(B1|Ai  E1)p(A1|Ei) 

(Equation  X-2) 

The  above  equation  could  be  expressed  in  the  following  manner : 

"The  probability  of  a successful  mission  is  equal  to  probability 
of  a successful  landing  (given  a successful  launch  and  space- 
craft) multiplied  by  the  probability  of  a successful  spacecraft 
(given  e successful  launch)  multiplied  by  the  probability  of  a 
successful  launch." 
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Equation  can  now  be  substituted  into  equation  X-  1 to  express  the 

expected  utility  per  million  dollars  as: 


p(Ai|E.)p(BiiAi  Ei)p(Ci|Ai  B.  E± ) 


(Equation  X-3) 


The  elements  of  the  above  equation  are  quantified  on  figure  X-l  and 
are  shown  in  matrix  form  on  figure  X-2  together  with  the  solution 
for  the  expected  utility  per  million  dollars  for  each  option. 

An  analysis  of  the  results  on  figure  X-2  reveals  two  pertinent 
points : 

1.  the  expected  utility  value  per  million  dollars  is  much 
greater  for  landers  out  of  orbit  with  the  hard  lander 
showing  slightly  greater  utility. 

2.  the  probability  of  successful  miscion  for  a soft  lander 
out  of  orbit  is  0.71. 

A discussion  of  these  two  points  is  in  order.  On  the  hard  versus 
soft  lander  option,  it  is  acknowledged  that  the  hard  lander  has  the 
higher  "mean"  in  a statistical  sense.  However,  as  mentioned 
previously,  the  hard  lander  data  (technology)  is  based  on  less  know- 
ledge. It  is,  therefore,  concluded  that  the  result  is  less  definite 
and  its  variance,  in  all  liklihood  would  be  much  greater. 

On  item  2,  it  must  be  remembered  that  two  independent  launches 

are  planned.  Thu.*,  the  probability  of  the  success  of  at  least  one 
mission  can  be  calculated  j.n  the  following  manner  to  be  approximately 

90S: 


Option  F.|Ei  (^lE.)  p(AiJzi;  pUjA.EJ  p(C. 
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Let  p(A+B)  * 1 - p(ab) 

where 

A = success  in  first  mission 
B = success  in  second  mission 
A+B  = A and/or  B 

a,b  = denial  of  A,B  (failure  in  mission) 
ab  = a and  b 

thus 

p(a)  - 1 - p(A)  = 1 - 0.71  = 0.29 

p(b)  = 1 - p(B)  = 1 - 0.71  ■ 0.29 

p(ab)  = (0.29)2  = 0.081* 
p(A+B)  * 1 - p(ab) 

= 1 - 0.081+  = 0.916 

The  selection  of  missfon  option  can  now  be  understood . For 
maximum  u.ilivy  per  million  dollars,  landers  out  of  orbit  are  a clear 

winner.  The  question  becomes  one  of  cost.  Will  Congress  approve  the 

more  ambitious  program?  NASA  management  believed  it  would  and  selected 
option  1+  at  an  estimated  cost  of  about  600  million  dollars.  The  select 
ion  of  the  soft  lander  in  lieu  of  the  less  expensive  hard  lander  also 
appears  reasonable  based  on  the  small  differences  in  utility  and  the 
larger  difference  in  state-of-the-art  of  the  technology. 

The  Viking  model  (paradigm)  had  nov  been  established  and  vould 
govern  the  definition  of  the  design  puzzles.  This  Viking  paradigm 
vould  be  made  up  of  the  FVSD  system  concept  and  incorporate  the  Roberts 
paradigm  for  entry  and  landing. 


That  OSSA  had  made  a clear  reading  of  the  political  environment  was 
substantiated  subsequently  by  Congressional  approval  of  the  project. 
Viking  is  scheduled  for  launch  the  summer  of  1975  under  Langley  manage- 
ment. 

In  analyzing  the  reasons  for  the  final  success  of  translating  con- 
cepts into  models  for  actual  hardware  application,  it  is  found  that  a 
fourth  factor  is  essential  in  addition  to  the  three  factors  previously 
defined.  These  three  items  are: 

1.  the  accuracy  of  the  technology  base — evidenced  by  the  accumula- 
tion of  data. 

2.  the  availability  of  forums — the  two  veek  in-depth  meeting. 

3.  perseverance — by  the  FVSD  staff  to  generate  models  and  by  the 
Viking  Project  Office  to  keep  the  project  alive  through  constant 
technical  and  administrative  efforts. 

However,  while  these  three  items  may  be  sufficient  to  establish  a 
paradigm,  they  are  not  sufficient  to  allow  the  normal  science  to  proceed 
under  the  paradigm.  For  work  to  proceed,  the  following  determinant 
must  be  present: 

1*.  the  coincidence  of  technical  and  administrative  objectives. 


CHAPTER  XI 


CONCLUSIONS 


Summary 


Technical 

The  technical  staff  made  major  contributions  in  the  definition 
of  the  Mars  landing  project  leading  to  Langley  Research  Center  being 
assigned  project  managership.  The  major  contributions  in  the 
engineering  systems  area  can  be  categorized  as: 

(l)  The  definition  of  the  lander  mission  mud-  as  soft  lander 
out  of  orbit  using  a parachute  for  both  removal  of  the 
lander  from  the  heat  shield  and  for  a transition  aerodynamic 
deceleration  mode  prior  to  retro  ignition  for  landing. 

(LWT  326,  Appendix  IV-B).  Shortly  after  Langley's 
recommendation,  Langley  was  named  Capsule  Bus  System  (the 
11  Juicy"  morsel)  Manager  for  Voyager. 

^2)  The  recommendation  that  the  Titan/Centaur  launch  vehicle  be 
used  to  carry  out  a more  "modest"  mission  than  Voyager  but 
utilizing  the  previous  Voyager  mission  mode  (LWP  5U7, 
Appendix  V-D).  This  is  the  definition  of  the  present  Viking 
project  scheduled  for  launch  in  1975  under  Langley's 
managership. 

The  system  analyses  work  carried  out  In  the  studies  above  were 
expressed  in  the  formal  systems  concepts  formats  of  block  diagram 
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and  mathematical  model  flow  chart  form  in  Chapters  IV  and  V;  these 
concepts  are  Judged  viable  and  useful  for  planning,  reviewing  and 
documenting  the  work  fo  these  type  studies. 

The  theories  of  Kuhn  regarding  scientific  advances  were  found 
appropriate  in  explaining  how  the  technical  staff's  concepts  became 
the  governing  models  for  Viking  and  how  major  contributions  affecting 
policy  can  and  are  often  made  from  the  lower  technical  levels. 

The  performance  of  the  technical  staff  in  carrying  out  its 
study  effort  was  Judged  outstanding  by  Langley  management.  A formal 
systems  analysis  utilizing  Homan's  work  Group  Behavior  Model 
(Chapter  VJIi)  revealed  that  the  staff's  productivity,  satisfaction, 
and  individual  development  were  compatible  with  theory  and  that 
Homan's  model  is  a valuable  concept  for  analyzing  group  behavior  in 
an  aerospace  group.  It  is  Judged  that  a main  reason  for  the  staff's 
performance  was  its  high  degree  of  independence  leading  to  self 
motivation.  This  Judgment  is  substantiated,  to  some  degree,  by  a 
recent  NASA  sponsored  study  which  attempted  to  determine  the  main 
reason  for  NASA's  success  in  space  projects.  Tlu  thors  hypothesized 
that  the  determinant  was  the  personal  skills,  characteristics,  and 
management  style  of  the  project  manager.  Their  intensive  study  of 
numerous  managers  resulted  in  no  correlation;  the  hypothesis  was 
Judged  false  and  the  authors  concluded  that  a main  element  was 
"teams  whose  members  were  highly  committed  to  the  project  and  who 
derived  great  satisfaction  from  selflessly  contributing  to  the  team's 
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purpose. . .organizational  lines  and  personal  ambitions  were  submerged 
in  a common  effort."'*’ 

Administrat i v e 


The  administrative  system  of  Langley  (research  oriented  with 
emphasis  on  independent  studies  by  the  technical  staff  as  discussed 
in  depth  ir.  Chapter  I and  analyzed  as  a political  system  in  Chapter 
V7TT ) provided  the  proper  environment  for  the  technical  staff  to 
carry  out  its  studies.  In  addition,  Langley’s  administrative  system 
supported  the  in-house  parachute  technology  development  and  provided 
mechanisms  for  transmitting  the  technical  staff's  findings  to 
Washington  Headquarters  as  detailed  several  times  in  the  preceding 
chapters.  Finally,  Langley  agreed  to  take  the  responsibility 
for  the  mission  flight  hardware  when  it  was  apparent  that  the  exper- 
tise resided  at  Langley.  The  system  analysis  revealed  that  Langley' s 
administrative  system  was  stable  and  able  to  "persist"  through 
perturbations  to  its  normal  research  mode;  its  efficiency  can  be 
Judged  by  its  staff's  major  contributions  to  Mercury,  Apollo,  and 
Viking. 

Headquarter ' s decision  making  in  the  plarcivj-y  programs  during 
the  I960 'a  was  made  difficult  by  the  lack  ol  historical  funding  data 
and  by  external  forces  acting  on  NASA.  Planetary  programs  were  low 

priority  when  compared  to  Apollo.  While  it  was  believed  that  Mars 

^NASA  SP-32U,  Project  Management  in  NASA— -the  System  and  the  Men; 
Chapman,  Pontious,  and  Barnes;  National  Academy  of  Public  Administra- 
tion, p.  120. 
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investigations  would  eventually  supplant  Apollo  as  NASA's  prime 
program,  there  wasn't  sufficient  net  funding  after  Apollo  in  the  mid 
1960!s  available  to  allow  a gradual  systematic  buildup  of  fly-by 
spacecraft,  orbiters,  probes,  and  landers  to  a large  Apollo-type 
program.  The  external  forces — length  of  the  Vietnam  war,  urban 
crises,  environmental  problems,  general  downgrading  of  technology  and 
cpace  investigations — were  difficult,  if  not  impossible,  to  prognos- 
ticate correctly.  Thus,  Headquarters  decisions  on  mission  types 
were  tactical  rather  than  strategic.  As  would  be  expected,  decisions 
arrived  at  from  a technical  base  (inputs  from  the  Centers)  were  more 
often  correct  than  those  made  unilaterally  (the  switch  to  the  Saturn 
V).  The  probability  of  the  Saturn  V decision  culminating  in  a 
successful  mission  was  investigated  by  use  of  Bayesian  statistics  in 
Chapter  IX;  the  analysis  indicated  that  funding,  technology,  and 
management  problems  combined  so  that  the  decision  had  approximately  only 
a 30%  probability  of  resulting  in  a successful  mission.  The  conclu- 
sion is  drawn  that  the  decision  was  made  prematurely  and  without 
sufficient  technical  analysis.  Conversely,  the  two  week  Joint  meeting 
at  Langley  to  arrive  at  Viking  definition  was  a innovative  concept 
which  led  to  a rational  decision.  The  technology  base,  in  this  case, 
was  extensive;  the  mission  options  had  been  examined  in  depth  as 
described  in  the  narrative  and  documented  in  the  Appendix.  A systems 
study  using  block  diagram  concepts  was  developed  in  Chapter  V to 
show  the  applicability  of  the  method  to  define  the  technical  trade- 
offs among  competing  options.  Further  a decision  tree  analysis. 
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ircluding  the  concept  of  a utility  function,  was  generated  in 
Chapter  X to  determine  the  option  with  the  optimum  benefits;  the 
results  of  analysis  substantiated  the  administrative  decision.  In 
the  final  judgment,  it  must  be  considered  that  despite  Headquarter's 
decisions  being  overturned  by  events  causing  the  study  to  proceed 
on  some  lost  time  tangents,  the  length  of  time  from  study  initiation 
to  hardware  commitment  was  not  exorbitant  for  a complex  project  and, 
at  the  same  time,  the  enlarged  technology  base  which  resulted  was 
useful  in  the  final  winnowing  process  among  mission  alternatives . 
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Concluding  RenarKs 

Considering  the  exogeneous  forces  acting  on  NASA  during  this  period, 
it  is  concluded  that  the  definition  and  commitment  to  a Mars  landing 
program  was  carried  out  in  a most  creditable  manner.  As  with  the  Apollo 
and  Mercury,  early  definitions  which  followed  similar  paths,  the  tech- 
nical and  administrative  procedures  utilized  should  serve  as  a general 
pattern  for  future  similar  projects.  The  main  ingredients  deemed 
essential  are: 

1.  A small  independent,  self  motivated  technical  staff  to  provide 
the  technological  base. 

2.  An  administrative  management  which  will  (a)  consult  with  the 
technical  staff  to  get  the  essential  input,  (b)  provide  broad 
guidelines  but  not  direction,  (c)  utilize  the  data  for  long 
range,  overall  NASA  planning,  and  (d)  carry  out  the  necessary 
interfacing  with  OMB  and  the  Congress. 

It  is  also  concluded  that  the  problem  of  obtaining  a cooperative 
effort  amongst  the  centers  is  a najor  one  requiring  much  planning  and, 
perhaps,  further  research.  It  has  been  shown,  by  the  Mars  Probe  Working 
Group  experiment,  that  cooperation  cannot  be  edicted.  The  Voyager 
Saturn  V project  organization  planning  by  OSSA  offered  some  promise  of 
obtaining  the  necessary  cooperation  via  an  inter-center  project  manage- 
ment committee.  However,  the  project  was  cancelled  before  it  could  be 
determined  if  the  complex  organizational  method  would  be  successful  in 
the  long  term. 
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Memorandum 

Research  Models  and  Facilities  Division 
Flight  Vehicles  and  Systems  Division 

Deputy  Chief,  Engineering  and  Technical  Services 


Langley  Research  Center 
DATS!  May  9,  1969 


Duties  of  a Technical  Project  Engineer  (TPE)  a^d  relationship  to  EATS 
line  management 


The  duties  and  responsibilities  of  the  Technical  Project  Engineer  have  not 
changed  s ignlf icaully  since  the  conception  of  the  TPE  system  in  1962.  Tie's 
will  be  appointed  by  the  cognizant  division  chief.  A suggested  fuidellne  co  be 
used  In  determining  which  jobs  require  a TPE  ere  those  jobs  inv^&ving  tvo  or 
more  engineering  sections  with  relatively  complex  interfaces  or  multiple 
desclpllncs.  Iroject  Engineers  shall  be  used  for  the  remainder  of  engineer* 
lng  jobs  involving  essentially  one  engineering  section  with  no  complex  Inter* 
faces  across  section  or  division  lines.  Under  the  EATS  philosophy  of 
engineering  management,  it  is  essential  that  the  tfe  act  and  operate  a s the 
Project  Manager  within  EATS  for  his  particular  joo  assignment.  He  is  the 
one  man  in  EATS  with  total  responsibility  for  cost,  schedule,  end  performance. 
It  Is  felt  that  the  TPE  and  nls  line  supervisors  should  understand  this 
responsibility  and  work  toward  seeing  that  it  la  carried  out.  In  order  to 
describe  the  TPE's  authority  to  meet  this  broad  responsibility  requires  an 
understanding  of  the  Vertical  and  Horizontal  Organization  concept  with  which 
we  operate.  The  Vertical  Organization  is  the  line  organization  (division, 
branch,  section).  The  Horizontal  Organization  is  the  functional  organization 
for  one  project  heeded  by  the  TPE.  Personnel  comprising  the  functional  pro- 
ject organization  may  be  located  in  several  sections,  however  they  must  be 
responsive  to  the  TPE  end  his  overall  project  schedule  and  technical  require- 
ments. This  'in  no  way  relieves  tie  line  supervisors  of  their  responsibility 
for  alignment  and  review  of  work  jf  their  personnel.  If  It  la  necessary 
to  reassign  or  Interrupt  the  work  on  a project  In  any  section,  the  TFE 
should  be  notified  end  «iternete  arrangements  made  to  either  enable  him  to 
hold  schedule  or  to  make  schedule  changes  rationally. 

Al?  segments  of  the  EATS  organisation  must  keep  the  TPE  totally  informed  on 
matters  related  to  hla  project.  Similarly,  the  TPE  must  disseminate  Infor- 
mation to  those  parts  of  cha  lint  erganirat  on  involved  in  his  project. 

Duties,  responsibilities  and  relationships  are  mors  specifically  detailed 
in  the  attachment. 
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TECHNICAL  PROJECT  ENGINEER 

1.  TPE  - The  engineer  Assigned  prime  responsibility  for  th'  ETS  support 
of  sn  LRC  project. 

2.  TPE  will  6e  spp  rnted  by  the  Engineering  Division  Office  having  lead 
responsibility. 

3.  The  TPE  1*  the  single  point  of  contact  for  all  engineering  and  technical 
service  aspects  of  the  project  and  is  responsible  f'tr  control  of  associated 
costs,  schedules,  and  technical  performance  until  released  by  the  appointing 
division  office. 

4.  In  carrying  out  this  assignment,  the  TPE  is  responsible  for  ensuring 
satisfactory  performance* of  the  following  functions: 

s.  Establishing  the  technical  approach  frou  the  reasarch  requirements 

b.  Preparation  and  update  of  cost  estimates  and  allocatlona 

c.  Preparation  and  update  of  project  schedules  *• 

J.  identifying  required  engineering  and  technical  service  support 

e.  Functional  organization  of  an  appropriate  ETS  team 

f.  "reparation  of  any  required  specifications,  work  atatementa  or 
related  uocuments 

g.  Coordination  of  all  organizational  Interfaces 

h.  Information  exchange  throughout  the  project  using  project  memos, 
meetings  or  other  appropriate  techniques 

1.  Continuing  reviews  of  technical  performance 

j.  Scheduling  of  arid  ETS  presentation#  at  reviews  necessary  under  the 
LRC  review  system 

k.  Coordination  and  Justification  of  project  travel 

l . Coordination  an.  justification  of  project  overtime 

Keeping  the  research  project  engineers  Informed  on  ell  eapecta  of 

'h -Meet 

f.  Keeping  immediate  supervisors  Informed  of  overall  project  statue 

5.  in  executing  these  functions,  the  TPE  should  deal  directly  with  any  appropriate 
level  of  line  management  necessary  to  obtain  required  support  or  seek  solutions  to 
problem  areas.  It  la  of  particular  Importance  that' the  TPE  Identify  critical 
problem  areas  to  the  line  managers  at  the  earliest  practical  date  eo  that 
coordinated  action  can  be  Initiated  to  obtain  appropriate  resolution. 
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6.  Appointment  of  a TPE  in  no  way  relieves  engineering  line  supervisors  of 
full  administrative  and  technical  responsibility  for  project  activities  within 
their  organizational  element.  Specifically  they  will: 

a.  Advise  the  TPE  in  their  area  of  competence 

b.  When  the  scope  of  the  work  merits,  appoint  a section  project 
engineer  to  assist  the  TPE 

c.  Conduct  technical  reviews  of  the  project  work  performed  in 
their  organization 

d.  Consult  with  the  TPE  on  any  decisions  or  actions  which  will 
impact  the  project 

7.  The  TPE  will  utilize  full  ETS  capability  to  achieve  project  goals.  He 
should  consult  with  the  Technical  Services  Division  supervisors  concerning  the 
♦..icignment  of  lead  technician  support  in  areas  where  significant  fabrication 
oi  operational  technician  effort  is  involved. 
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STATEMENT  Of  WORK 


COMPARATIVE  STUDIES  OF  CONCEPTUAL  DESIGN  AND. 
QUALIFICATION  PROCEDURES  FOR  A MARS  PROBE/LANDER 


L-5295A 

Exhibit  A May  27,  1965 


LANGLEY  RESEARCH  CENTER 

IAN61EY  STATION  HAMPTON,  VA. 
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1.0  INTROIXJCTION 

1.1  Background 

Curing  the  next  decade,  NASA's  Planetary  Exploration  may  need  an 

unmanned  capsule  to  probe  the  Martian  atmosphere  and  to  land  on  the  surface  of 

Mars.  This  probe/lander  capsule  could  be  transported  to  the  vicinity  ol  Mars 

by  a bus  which  may  also  serve  as  a communication  link  with  Earth*  This  probe/ 

lander  could  be  used  to  obtain  detailed  information  on  the  Martian  atmosphere 

(inasmuch  as  the  design  of  any  subsequent  spacecraft  depends  on  this  Informa- 

* 

tion)  and  could  additionally  acquire  sufficient  information  on  surface  condi- 
tions to  allow  the  formulation  of  subsequent  definitive  experiments  to  deter- 
mine the  nature  of  possible  biological  life  and  the  surface  environment. 
Moreover,  the  design  of  the  probe/lander  should  allow  for  growth  in  weight  into 
subsequent  more  elaborate  landers  while  retaining  many  of  the  basic  features. 

The  present  sterilization  requirements  for  a vehicle  landing  on  the 
Martian  surface  will  produce  unique  hardware  problems.  The  sterilization 
procedures  established  to  solve  these  problems  should  set  the  pattern  for 
subsequent  landers  in  the  program. 

The  developnent  and  qualification  of  a sterile  probe/lander  must  be 
accomplished  in  such  a manner  as  to  provide  a maximum  assurance  of  mission 
success.  In  addition  to  a comprehensive  program  of  component  and  system  quali- 
fication tests  in  ground-based  facilities,  a series  of  1 light  tests  in  the 
earth's  atmosphere  may  be  necescary  to  assure  satisfactory  operation  of  all 
systems  and  to  quality  a prototype  for  mission  use. 

1.2  Objectives 

The  objectives  of  this  study  contract  are  to  define  a nonlifting 
probe/lander.  Its  growth  potential  for  more  elaborate  lai  ^r  missions,  the 
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procedures  required  to  assure  Its  sterilization,  and  the  extent  and  value  of  a 
flight  test  program  in  the  earth's  atmosphere  as  a means  of  developing  and 
qualifying  a sterile  probe/lander  (including  electrical,  mechanical,  and 
communi cation  interfaces  vith  the  bus)  for  planetary  missions.  This  study  will 
be  performed  in  sufficient  depth  to  determine  the  most  suitable  approach,  the 
conceptual  design,  and  the  development  plan. 

2.0  SCOPE 

The  contractor  shall  accomplish  the  necessary  engineering  investigations, 
analyses,  studies,  detailed  conceptual  design  and  planning  required  to  accomp- 
lish the  tasks  described  in  4.0,  Contractor's  Tasks,  consistent  with  the 
restra*  is  presented  in  3.0,  Guidelines.  The  tasks  will  be  divided  into  tvo 
general  parts  as  follovB: 

Part  1 will  Include  comparative  studies  of  the  probe/lander  and  the  defini- 
tion of  the  impact  of  the  probe/lander  requirements  on  the  bus  design.  It  vlll 
also  Include  studies  of  sterilization,  ground  test  procedures,  the  feasibility 
of  a flight  test  program  in  the  earth's  atmosphere  as  a means  of  developing 
and  qualifying  a sterile  probe /land*. : for  mission  use,  and  the  growth  po+»ntlal 
of  the  probe/landtr  for  more  elaborate  missions.  Part  I will  further  include 
a preliminary  development  program  plan  and  all  costs  associated  with  qualifying 
a probe/lander  prototype. 

Part  U will  include  optimization  of  the  selected  systems  together  vith  a 
detailed  conceptual  design  and  detailed  qualification  procedures.  Part  XI  will 
also  include  the  preparaticn  o*  a comprehensive  plan  for  the  production, 
sterilisation,  and  qualification  of  the  selected  system  for  mission  use. 

This  study  contre  Jtor  is  not  responsible  for  the  bus  design  within  the 
scop**  of  this  otudy.  It  is  anticipated  thtt  other  KASA  study  contracts  will 
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be  proceeding  concurrently  to  define  the  bus  and  overall  nissicn  profile  con- 
cepts; the  NASA,  will  keep  tne  contractor  apprised  of  information  developed 
therein  so  as  to  assure  that  the  overall  results  will  be  compatible. 

3.0  GUIDELINES 

The  technical  guidelines  under  which  the  tasks  outlined  herein  shall  be 
accomplished  are  as  follows: 

3.1  Mission  Profiles  and  Analyses 

(a)  The  mission  profile  of  the  probe/lander  shall  be  consistent  with 
the  sampling  times  required  for  experiments  and  the  communication  time  required 
to  transmit  data. 

(b)  The  Saturn  Ifi/centaur  shall  be  assumed  to  be  the  lauhch  vehicle 
for  the  bus -probe/lander  combination. 

(c)  The  probe/lander  i,luill  be  separated  from  the  bus  the  Mars 
approach  path*  Consideration  shall  be  given  to  both  fly-by  and  orbiting  bus 
■odes. 

(d)  A complete  DS±F  network  shall  be  assumed  to  be  available* 

(e)  RASA  Mars  model  atmospheres  are  delineated  in  NASA  HI  D-2325 

3*2  Bus 

The  bus  may  serve  as  a relay  station  for  transmittal  of  probe /lander 
data  to  earth.  The  bus  will  net  be  sterile. 

3*3  Probc/Lander 

(a)  Consideration  shall  be  „lven  in  the  design  of  the  external  shell 
to  possible  future  lander  missions  wherein  the  same  external  structure  will  be 
used  In  conjunction  with  internal  peyloada  whose  weights  will  vaiy  to  a wAximm 
consistent  with  the  capability  of  the  Saturn  IB/Centaur. 
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(b)  Three  concepts  shall  serve  as  a basis  of  study  and  comparison: 

(1)  Tension  shel I 

(2)  Apol lo  shape 

(3)  Large  angle  blunted  cone 

Information  on  the  above  configurations  consisting  of  (a)  external  coordinates, 
nondimens iona 1 i zed  and  (b)  force  and  moment  coefficients  will  be  given  to  the 
contractor  for  use  during  this  study, 

(c)  (I)  The  experiments  and  instrumentation  to  be  carried  on  the 
probe/lander  shall  be  defined  in  the  detail  and  scope  specified  by  this 
document . 

(2)  The  instrumentation  shall  include  scientific  instrumen- 
tation and  engineering  instrumentation  to  monitor  the  operating  status  of  the 
probe/lander  subsystems,  structure  and  heat  shield  throughout  the  mission. 

(3)  Three  scientific  payloads  shall  be  compared  for  the  1971 
mission  in  Part  I of  the  study  and  one  selected  for  more  detailed  design 
during  Part  II.  One  advanced  payload  for  th-*  1 973  mission  and  one  for  the  1975 
opportunity  shall  be  studied  during  Part  I to  determine  their  effect  on  the 
growth  potential  of  the  1971  probe/lander  shell  to  later  missions.  These  two 
payloads  shall  be  designed  in  greater  detail  during  Part  II. 

(*'»)  The  three  payloads  for  the  1971  opportunity  are  defined  as 

follows: 


Payload  Concept  No.  I - All  recommended  Instruments  are 
available  or  well  elong  in  develotemnt. 

Peyloed  Concept  No.  2 - Recommended  instruments  ere 
•velleble  or  mey  be  enveloped  with  e minimum  effort. 
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Payload  Concept  No.  3 - Measurement  technique  is  scientifi 
cally  sound  but  instrumentation  may  not  presently  exist.  However,  there  must 
be  a reasonable  assurance  of  its  availability  for  the  1971  mission. 

(5)  The  f_, lowing  measurements  and  instruments  shall  be  con- 


sidered as  candidate  items  in  the  payl 
not  be  restricted  only  to  ths  list. 

Measurement 
Density 

A! t i tude 
Compos i t ion 
Trapped  Radiation 
Ionosphere 
Pressure 
Temperature 
Surface  Roughness 
Surface  Hardness 
Surface  Winds 

Soil  Composition 
Dust  Particles 
Solar  Constant 
(6)  The  determination  of 


concepts,  but  the  candidates  shall 

Suggested  Instrument 
Acce lerome  ter 
X-Ray  Backscatter 
Radur  Altimeter 
Mass  Spectrometer  (CSFC) 
Radiation  detector 
(not  selected) 
electrical  transducer 
Resistance  Thermometer 
Radar  A1 t imeter 
Penetrometer  (IRC) 

Hot  Wire  Anemometer 
Pressure  Probe 
Alpha  Scatter 
Microphone 
Solar  Cells 

the  conceptual  payloads  shall  be 


accomplished  through  a strUs  of  trade-off  studies  Uiich  should  include  such 
factors  as:  scientific  merit,  technical  feasibility,  performance  margins, 
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availability,  physical  characteristics,  Int*jrface  problems,  ster I lizabi  1 i ty , 
and  rel iabi H ty. 

(7)  The  primary  mission  of  the  probe/lander  in  ihe  1971  oppor- 
tunity is  to  obtain  detailed  information  on  the  Martian  atmosphere  and  to 
obtain  such  information  on  surface  conditions  which  will  permit  formulation  of 
definitive  surface  experiments  to  he  ca; ried  out  or,  later  missions.  The  prime 
landing  target  is  Syrtus  Major  unless  mission  and  systems  analyses  during  the 
study  reveal  this  landing  site  to  be  toe  technically  difficult  to  achieve 

(8)  The  missions  in  1973  and  1975  should  utilize  payloads  of 
expanded  performance  capability  including  TV  and  biological  -*xper iments . Capa- 
bility should  be  restricted  to  that  associated  with  a stationary  observatory. 
Mobile  experiments  should  be  considered  beyond  the  scope  of  the  1973  and  1975 
Missions. 

(9)  In  the  evaluation  of  instruments,  experiments  and  pa/load 
concepts  a 1 1 sources  of  data  shall  be  explored  to  provide  the  most  authorita- 
tive results  and  recommendations,  including  the  literature,  source  agencies, 
an«'  internal  Avco  sources. 

(d)  The  probe/ lender  shall  be  designed  so  that  subsonic  speeds  are 
achieved  at  an  altitude  of  at  least  15,000  feet  above  the  surface. 

(e)  The  primary  deceleration  system  shall  consist  of  subsonic  para- 
chuters); the  subsonic  parechgte(s)  shall  be  designed  to  furnish  sufficient 
dwell  time  in  the  atmosphere,  and  provide  a terminal  velocity  (assuming  no 
surface  winds)  not  exceeding  o0  feet  per  second. 

(f)  The  surface  of  Kars  shall  be  assumed  sufficiently  dense  to 
support  an  instrument  package.  The  following  assumptions  shall  be  used  for 
design  of  the  impact  attenuation  syste.n: 
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(1)  Surface  shall  be  considered  nonyielding. 

(2)  Maximum  horizontal  velocity  at  impact  shall  be  taken  os 
100  feet  per  second  and  the  package  shall  be  arrested  by  a nonyielding  vertical 
surface . 

(g)  Maximum  landing  deceleration  shall  not  exceed  1000  earth  g's. 


3.4  Sterilization 
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(a)  Component  a shall  be  capable  of  satisfactory  operation  after 
three  cycles  of  heating  in  a dry  atmosphere  to  a temperature  of  145°  C for 
3 6 hours. 

(b)  Subassembly  surface  decontamination  may  be  accomplishes*  using 
ettylone  oxide. 

(c)  Terminal  sterilization  the  probc/lander  shall  consist  of 
heating  in  a dry  atmosphere  to  a t crape rature  of  135°  C for  24  hours. 

(d)  The  probability  of  allowing  a viable  organism  to  exist  on  the 
payload  at  time  subsequent  to  terminal  sterilization  shall  be  less  than 
1 in  10,000. 

5.‘  Quail flcat  lor; 

A carefully  planned  qualification  program  shall  be  formulated  to 
maximize  the  probability  of  mission  success.  This  program  ».nall  delineate 
ground  environmental  tests  and  all  required  flight  teats  In  the  earth's  atraos- 
phe  . Existing  Government  launch  facilities  shall  be  utilized  in  the  flight 
testing.  The  qualification  program  should  be  aimed  toward  completely  quail ■ 
tying  the  probe/lwwlcr  (including  electrical,  mechanical,  and  canmunication 
Interfaces  with  the  bus).  Selection  of  equlpaent  and  procedures  shall  cor* 
aider  the  needs  of  future  heavier  Internal  payloads. 

3.6  Reliability 

Prime  and  detailed  consideration  shall  be  given  to  the  effects 
sterilization,  testing,  and  long  space  flight  time  on  -/stem  reliability. 
Inherent  reliability  shall  be  sought  in  all  design  areas  through  the  means  of 
minima  complexity  and  re&indancy . Consideration  shall  be  given  to  optimizing 
reliability  In  the  design  of  probe/lander  systems . 


- t ' - 
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4.0  COWTPACTOR^  TASKS 

The  contrmctor  shell  furnish  all  necessary  materials,  equipment,  personnel, 
and  facilities  to  perf^m  all  investigations,  designs,  engineering,  ami  docu- 
mentation required  to  accomplish  the  tasks  described  herein,  consistent  with 
the  restraints  presented  in  section  3*0,  Guidelines, 

4.1  Part  I (a)  Technical  Study  Areas 

It.  accomplishment  of  the  tasks,  the  technical  study  areas  shall 
include,  as  a minimum,  the  following: 

4.1.1  Mission  Profiles  and  Analyses 

(1)  The  contractor  shall  review  the  yrcvio”i  applicable  Ms  i 
study  reports  for  missions  through  1975  and  determine  critical  values  fox  the 
following  design  parameters: 

a.  Bus  fly--y  periopsls  altitude 

b.  Bus  asymptotl'.  approach  velocity 

c.  Bus  orblter  perlapels  altitude 

d.  Bus  orblter  apoapsi*  altitude 

e.  Bus  orblter  weight  and  slae 

f.  Bus  fly-by  weight  anu  else 

g.  Shroud  site 

(2)  The  mlssit!.  profiles  of  the  bus  and  probe /lander  from 
separation  to  the  end  of  coemuni cat  Iona  shall  be  defined. 

(3)  The  guidance  and  propulsion  requlnaser.ts  for  the  probe/ 
lander  shell  be  defined. 

(b)  Analyses  shall  be  aade  to  determine  the  extent  of  data 
obtained  for  various  modes  of  failures  and  their  effects  on  probe /lander 


mission  success 
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4.1.2  Bub 

(l)  The  extent  and  makeup  of  the  probe/lander  data  receiving, 
storage,  and  retransmission  systems  to  be  incorporated  in  the  bus  shall  be 
defined. 

v2)  The  mechanical  and  electrical  interfaces  with  the  probe/ 
lander  shall  be  defined. 

(3)  Means  of  assuring  the  ability  of  the  bus  to  find  and 
track  the  probc/lander  shall  be  defined. 

4.1.3  Probe/ Lander 

(l)  An  optimum  size  and  strength  of  the  external  structure 
shall  be  determined  to  meet  the  requirements  of  the  probe /lander  and  future 
lander  missions;  considerat5^>n  shall  be  given  to  the  Influence  of  each  of  the 
following  on  future  lander  missions:  (a)  terminal  guidance,  (b)  lander  separa- 

tion after  orbit  is  obtained,  and  (c)  establishment  of  model  2 atmosphere  as 
governing  design  criteria.  Graphs  shall  be  prepared  of  the  relationships 
between  lander* s total  weight,  its  structural  fraction,  and  size  for  the 
various  entry  conditions  to  illustrate  the  trade-offs  associated  with  standard- 
izing a single  size  mult imiss Ion  vehicle.  Weights  of  the  structured  fractions 
(shell,  thermal  protection,  propulsion  units,  retardation,  and  impact  attenua- 
tion systems)  shall  be  based  on  actual  analyses  except  where  the  use  of  scaling 
criteria  Is  established.  As  a partial  fulfillment  of  the  above,  the  contractor 
•hall  accomplish  the  following: 

(a)  Critical  probe/lander  aerodynamic  loads  and  heating 
inputs,  both  convective  and  radiative,  shall  be  determined  independently  for 
the  ranges  of  trajectories  and  atmospheres  under  consideration. 
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(b)  Item  (a)  above  shall  be  repeated  to  determine  the 
aerodynamic  loads  and  heating  inputs  associated  with  utilizing  the  shell  for 
the  lander  missions.  The  penalty  involved  in  using  the  overall  aerodynamic 
critical  loads  in  the  probe/lander  design  shall  be  assessed. 

(c)  A material  analysis  and  structural  approach  shall  be 
defined  to  result  in  a minimum  weight  structure  to  resist  the  combined  critical 
aerodynamic  and  heating  loads. 

(d)  Stress  analysis,  including  thermal  stresses,  and 
weight  estimates  shall  be  made  for  the  external  structure  with  its  thermal 
protection;  additional  thermal  protection  may  be  added  to  the  basic  shell  for 
the  future  lander  missions.  Theoretical  aerodynamics  shall  be  used  where 
experimental  data  are  not  available.  The  shell  shall  be  investigated  for  all 
anticipated  loading  conditions,  including  launch. 

(2)  The  experiments  and  instrumentation  to  be  carried  on  the 
probe/lander  shall  be  defined  as  follows: 

(a)  A master  list  of  possible  scientific  experiments 
and  associated  instrumentation  shall  be  compiled. 

(b)  Fach  scientific  instrument  in  the  master  list  sh«!l 
be  examined  first  to  determine  its  development  status  and  classified  as  a 
candidate  for  a payload  concept,  (described  in  paragraph  33(c)(M)  in  accord- 
ance with  its  development  status. 

(c)  Each  scientific  instrument  shall  then  be  evaluated 
in  accordance  with  the  comparative  criteria  of  paragraph  3.3(c)(6)  and 
rejected  or  assigned  to  one  or  more  payload  concepts. 

(d)  The  three  payload  concepts  shall  be  compared  in 
accordance  with  the  criteria  of  paragraph  3<3(c)(6)  and  one  concept  selected 
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as  the  reference  payload  with  approval  of  the  Langley  Research  Center.  The 
selection  of  the  payload  concept  shall  be  subject  also  to  proper  mating  with 
the  reference  probe/lander  concept  and  its  subsystems. 

(e)  Scientific  experiments  and  associated  instruments 
shall  be  formulated  for  application  to  advanced  payloads  for  the  1973  and  1975 
missions.  Emphasis  during  this  part  of  the  study  will  be  on  the  character- 
istics of  the  payload  which  will  affect  the  probe/lander  and  its  subsystems. 

The  prime  purpose  shall  be  the  definition  of  growth  potential  requirements  for 
the  probe/lander  shell. 

(f)  Comparison  studies  of  the  engineering  instrumenta- 
tion for  the  1971  mission  shall  be  made  and  a reference  system  selected,  for 
IRC  review,  which  will  provide  an  optimum  tradeoff  between  the  scope  of  status 
monitoring  and  the  impact  of  the  instrumentation  on  probe/lander  size,  com- 
plexity, data  handling  requirements  and  tel  lability. 

(3)  Determine  the  possible  need  for,  and  characteristics  of, 
Spinup  and  despin  devices  on  the  probe/I ander . 

(4)  Determine  motions  of  probe/lander  during  entry  for  design 
possible  off-design  conditions. 

(5)  The  motions  of  the  probe/lander  after  entry  shell  be 
determined  and  considered  in  defining  data  transfer  methods  to  the  bus. 

(6)  Means  of  storing  data  obtained  during  blackout  tfor 
subsequent  transmission  shell  be  defined. 
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(?)  A method  of  packaging  all  Internal  systems  and  main- 
taining environmental  control  throughout  the  mis b ion  shall  be  defined. 

(8)  All  propulsion  units,  including  performance  character- 
istics ^ configuration,  and  weight  shall  be  defined. 

(9)  The  Bubsonic  parachute  system  shall  be  defined  including: 

(a)  Mode  of  development. 

(b)  Analysis  of  ensuing  motion  of  separated  parts. 

(c)  Trajectory  time  history. 

(d)  Parachute  size  and  weight  estimate  of  system* 

(e)  Packaging  methods. 

(f)  Stress  analysis  and  load  reactions  including 

dynamic  effects. 

(g)  The  determination  of  system  rations  while 
penetrating  5C- foot -per- second  gusts  of  10- second  duration  parachute  descent. 

(10)  Detailed  studies  shall  be  made  to  define  an  impact 
attenuation  system  which  will  permit  acquisition  and  transmission  of  data 
after  landing. 

(xl)  A complete  weight  breakdown  to  component  level  shall 

be  made. 

(12)  An  analysis  shall  be  made  to  evaluate  the  influence  on 
performance  of  adding  a supersonic  parachute, deployed  at  a maximum  Mach  number 
of  2.2,  to  the  basic  system. 

H.l.U  Qualification 

(l)  Procedures,  equipment,  and  facilities  shall  be  defined 
to  Insure  proper  sterilisation  of: 
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(a)  Component  8. 

(b)  Subsystem  assemblies. 

(c)  Probe /lander  through  manufacture,  assembly,  handling, 
test,  and  launch  phases.  Assay  procedures  shall  be  defined  whereby  teats  can 
be  made  to  establish  levels  of  contamination  throughout  all  phases  from  manu- 
facture to  launch.  Critical  stages  in  each  phase  at  which  assay  procedures 
should  be  undertaken  shall  he  defined* 

{2)  Procedures,  eq*  nt,  facilities  shall  be  defined  to 
sake  maximum  use  of  ground  environmental  testing.  Value  of  long  time  exposure 
to  vacuum  conditions  to  verify  satisfactory  operation  of  components,  subsystems, 
awl  ay  sterna  shall  be  studied.  Means  of  simulating  and  evaluating  radiation, 
thermal,  and  structural  loads  on  components,  subsystems,  and  systems  shall  be 
determined. 

(3)  The  contractor  shall  study  the  value  and  extent  of  flight 
tests  In  the  earth's  atmosphere  in  the  development  of  subsystems  and  In  the 
qjiallfication  of  a probe/lander  prototype.  Tajectory  and  la'xnch  details  of 
earth  entry  flight  tests  corresponding  to  Mara  trajectories  shall  be  Identified 
for  both  scaled  and  prototype  configurations  insofar  as  environmental  conditions 
are  concerned.  Degree  of  similitude  achievable  with  respect  to  loadings,  sub- 
system operations,  and  component  motions  shall  be  determined*  The  feasibility 
of  checking  out,  during  the  flight  tests  in  the  earth's  atmosphere,  the 
electrical,  mechanical,  and  comxunl cation  Interfaces  with  the  bus  shall  be 
detexmlned. 

(4)  The  procedures  established  above,  4.1.4  (l),  (2),  and 
(3),  shall  Include,  to  the  maximum  extent  practicable,  provisions  applicable  to 
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future  landers.  The  growth  potential  of  these  procedures  into  a logical  and 
overall  qualification  program  shall  be  examined  and  assessed. 

4.2  Part  I (b)  Contractor  Recommended  System  and  Preliminary  Plan 

4.2.1  System  Comparison  and  Iieflnltlon 

Based  on  the  results  of  task  studies  conducted  in  Part  I (a), 
the  contractor  shall  make  comparison  studies  of  the  relative  merits  of  the 
candidate  probe/lander  shapes  and  subsystems  and  shall  define  the  complete 
probe/lander  system  which  he  considers  optimum  to  satisfy  the  mi6sion(s) 
requirements.  The  various  trade-offs  shall  be  detailed  in  sufficient  depth 
so  that  ilASA  can  make  an  independent  evaluation  and  select  the  system  for 
detailed  study  in  Part  II.  The  contractor  shall  establish  and  document  the 
present  development  status  of  all  subsystems  and  cowqjonents  considered  in  the 
trade-off  studies. 

4.2.2  Reliability  Studies 

Reliability  shall  be  made  an  Integrated  major  factor  In  all 
design  areas > with  reliability  engineering  data,  studies,  analyses,  quantita- 
tive analyses,  and  predictions  being  used  to  enhance  comparative  studies  and 
designs,  optimization  of  the  systems  and  subsystems,  and  to  provide  contrib- 
uting data  for  the  substantiation  of  conclusions  and  the  conceptual  design, 
lfee  factors  of  minimum  complexity  and  Inherent  reliability,  redundancy, 
maintainability  and  elimination  of  potential  sources  of  human- induced  failure, 
and  the  effects  of  sterilization  on  parte  and  materials  shall  be  given  particu- 
lar consideration  in  maximizing  mission  reliability.  The  effects  of  steriliza- 
tion on  the  reliability  of  components,  parte,  and  materials  utilized  in  the 
design  and  means  for  i^roving  reliability  within  this  constraint  shall  be 
studied  in  detail,  including  research  of  published  data  and  doc  wanted  test 
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data*  The  contractor  shall  perform  such  reliability  studies,  Including 
quantitative  probability  analyses,  as  necessary  to  establish  reliability 
objectives,  requirements,  and  goals  for  the  subsystems,  systems,  and  the 
overall  mission. 

The  contractor  shall  perform  applicable  planning  for 
reliability  program  activities  to  be  utilized  in  an  assumed  follow-on  detail 
design  and  development  program,  Including  planning  for  any  critical  Items  which 
may  require  special  emphasis  with  regard  to  development,  testing,  qualification, 
or  reliability  demonstration  testing  in  order  to  achieve  the  design  reliability 
goals. 

The  contractor  shall  submit  as  part,  of  the  final  report  a 
separate  document  containing  the  details  and  results  of  the  reliability  studies 
analyses  and  predictions,  details  of  the  study  of  the  effects  of  sterilization 
on  reliability  and  the  proposed  means  for  increasing  the  reliability  and,  as 
a separate  section,  proposed  reliability  program  activities.  This  does  not 
preclude  the  use  of  specific  reliability  data  In  other  documents  to  support 
the  conceptual  design  presentation  and  conclusions. 

4.2.J  Comparison  and  Definition  of  Qualification  Program 

The  contractor  shall  make  a comparison  study  of  qualification 
procedures  to  determine  their  relative  merits  and  practicability  In  arder  to 
define  an  Integral  qualification  procedure.  The  various  trade-offs  shall  be 
evaluated  and  the  contractor  shall  define  a quail f1  cation  program  In  sufficient 
detail  so  that  RASA  can  select  a qualification  program  for  detailed  study  In 
Bart  XI.  The  contractor  shall  establish  and  document  the  present  development 
status  of  all  qualification  procedures  considered. 
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4.2*4  Problem  Area  Identification 

During  the  performance  of  Part  I of  the  contract,  the  con- 
tractor shall  make  a continuing  effort  to  search  out  and  identify  aty  long 
lead  Items  which  require  accelerated  development.  The  results  of  this  effort 
shall  be  included  in  the  Part  1 report. 

4.2.5  Preliminary  Plan 

The  contractor  shall  submit  for  KATA  consideration  a prelim- 
inary plan  vhlch  shall  Include  schedule  and  costs  for  the  fabrication  and 
qualification  of  a probe/lander  (including  electrical,  mechanical,  and 
communication  interfaces  with  the  bus)  and  any  required  GSE.  The  plan  shall 
delineate  the  hardware  requirements  Including  all  test  items  and  the  associated 
cost  and  schedule  of  manufacturing,  sterilizing,  ground  testing,  and  flight 
testing.  The  plan  shall  be  presented  In  sufficient  detail  so  NASA,  can  evaluate 
all  phases  of  the  plan  and  designate  a program  plan  to  be  studied  In  depth  In 
Rurt  n. 

4.5  Part  H (a)  Final  Analysis  and  Conceptual  Design 

To  provide  assurance  that  the  selected  system  will  meet  mission 
requirements,  the  contractor  shall  review  and  expand  in  depth  the  pertinent 
analyses  (performed  in  Part  I)  as  required  to  perform  the  conceptual  design* 

The  contractor  stmll  prepare  a detailed  conceptual  design  for  the 
probe/lander  (including  electrical,  mechanical,  and  communication  interfaces 
with  the  bus)  and  furnish  a draft  of  component  performance  specifications  from 
which  detail  specifications  can  be  written  suitable  for  a possible  follow-on 
competitive  procurement.  An  assembly  drawing  of  the  probe/lender  shall  be 
prepared  defining  the  Internal  arranges nt,  external  structure,  component 
weights,  cent er-of- gravity  location  and  moments  of  Inertia*  Conceptual 
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drawings  of  the  entire  venicle  shall  be  orepared  to  illustrate  (I)  the  mating 
of  launch  vehicle,  bus,  prcoe/lander , and  shroud,  and  (2)  arrangement  of  probe/ 
lander  and  bus  within  r!ie  shroud.  Ail  interfaces  and  separation  mechanisms 
relative  to  the  probe/lander  shall  be  defined. 

Each  instrument  of  the  payload  concept  selected  in  Part  I as  the 
reference  system  shell  be  designed  to  tie  detail  and  scope  necessary  to  com- 
pletely and  authoritatively  define  its  criteria  as  listed  in  paragraph 
3.3(c)(8).  Evaluation  and  design  of  each  instrument  and  the  total  payload 
shall  be  conducted  in  accordance  with  the  procedures  of  paragraph  3.3(c)(9). 
Component  performance  specifications,  from  which  detail  specifications  can  be 
written  suitable  for  a possible  follow-on  competitive  procurement,  shall  be 
provided  for  each  instrument. 

Each  instrument  and  experiment  of  the  advanced  payloads  for  1973  end 
1975  shell  be  designed  in  greater  oopth  than  the  evaluation  of  Part  I but  not 
In  the  detail  of  tha  Part  II  design  of  the  1971  payload.  The  primary  purpose 
Mill  be  to  certify  the  Part  I conclusions  relative  to  the  interface  between  \he 
advanced  pey loads  and  tha  probe/lander  to  insure  the  growth  potential  of  tha 
probe/landar  shell. 

A detailed  conceptual  riesign  of  tha  reftixnct  engineering  instrumen- 
tation system  shell  ba  formulated  which  will  expand  In  depth  the  design  studies 
of  paragraph  A. 1 3tf)(f) < 
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4.4  Part  II  (b)  Probc/lander  Development  Plan 

4.4.1  General 

Based  on  the  preliminary  plan  selected  by  the  NASA  at  tha  end 
Of  Part  I,  the  contractor  shall  prepare  a complete  development  plan  aimed  at 
fabricating  and  qualifying  the  probe/lander  (including  electrical,  mechanical, 
and  communication  interfaces  with  the  bus)  and  any  required  GSE.  The  plan 
shall  delineate  the  hardware  requirements,  Including  all  test  Items,  and  the 
associate  cost  and  schedule  of  manufacturing,  sterilizing,  ground  testing, 
and  flight  testing.  A format  of  the  development  plan  shall  be  prepared  for 
NASA  approval  at  the  start  of  Part  II. 

4.4. 1.1  Project  Work  Breakdown  Structure 

A work  breakdown  structure  shall  be  developed  for 
the  total  program  at  a systems  level  and  shall  serve  as  the  framework  for  the 
development  of  planning  networks  and  the  cost  estimating. 

4. 4. 1.2  Project  Planning  Networks 

Planning  networks  structured  in  accordance  with  the 
work  breakdown  structure  shall  be  developed  for  the  total  program.  These 
networks  shall  not  be  in  a fine  level  of  detail  and,  ganaralty,  will  be  et 
the  systems  level  with  activities  of  from  2 to  4 months  duration.  Activities 
shell  cover  alt  phasas  of  the  program  from  start  of  design  through  launch  and 
include  development  testing,  qualification  testing,  environmental  testing  end 


28U 


- 20  - 

pralaunch  operation!.  These  network#  shall  conform  to  *he  NAf\  PERT  find 
Companion  Cost  System  Handbook  dated  October  30,  19 62. 

A.A.1.3  Project  Funding  Pian 

The  funding  plan  shall  present  the  contractor's 
estimate  of  the  total  project  costs  through  a completed  flight  test  program 
and.  In  addition,  the  costs  associated  with  furnishing  additional  mission 
qmlified  probe /landers  up  to  a iA3d«n  of  ten.  Using  the  work  breakdown 
stnttture  as  a framework,  cost  estimates  shall  be  developed  for  each  system 
broken  down  by  qxmrters  for  the  same  time  span  covered  in  planning  networks. 
Separated  subtotals  shall  be  shown  for  spacecraft  systems  and  vehicle  systems 
k.k.2  Flans 

k.b.2.1  Manufacturing 

The  contractor  shall  prepare  a manufacturing 

plan  including: 

(1)  Tooling  plan,  Including  unique  major  tools* 

(2)  Production  plan,  including  test  equipment. 

(3)  Assembly  plan. 
k.b.2.2  Sterilisation 

The  contractor  shall  prepare  a sterilisation  plan 
including  activities  required: 

(1)  During  and  after  component  manufacturing  stage 

(2)  During  and  after  assembly. 

(3)  Handling. 

(A)  At  launch  site* 
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4. 4. 2.3  Environmental  Test  Program 

The  contractor  ah- 13  prepare  an  environmental  test 
plan  including  considerations  of: 

(1)  Simulated  space  vacuus. 

(2)  Thermal  balance. 

(3)  Mlcroneteorold  hazard. 

(4)  Radiation  hazard. 

(5)  Ground  handling  conditions. 

(6)  Structural  dynasties. 

(7)  Impact  tint  lng. 

4.4.2. 4 Flight  Qualification  Test  Program 

Based  on  the  acceptance  by  the  NASA  (<j.2.3)  of  the 
contractor  determination  and  recommendation  in  Fart  I (a)  (4.1.4  (3)),  the 
contractor  iihall  prepare  a flight  qualification  test  plan,  Including: 

(1)  Component  and  subsystem  tests. 

(2)  Tests  of  integrated  probe/lander. 

(3)  launch  vehicles,  sites,  and  trajectories. 

(4)  Schedule. 

4.4. 2. 4.1  Operations  Flans  for  night  Qualification 
Jest 

The  contract  cv  shall  prepare  a complete 

operations  plan  including: 

(1)  Assembly  and  shipping. 

(2)  Pre flight  checkout. 

(3?  launch. 

(4)  Range  requirements  for  tracking 
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*.2.1*. 2 Fort  flight  Qualification  Test  Data 
Evaluation  Program 

The  contractor  shall  prepare  a poat flight 
data  handling  and  evaluation  plan  incluf  i*tg: 

(l)  Evaluation  of  performance  of  all 


eubeyateas* 

(2)  Comparison  of  results  obtained  from 
flight  vlth  known  ataoepherlc  and  surface  characteristics. 

*.*.2.5  Facilities  Plan 

The  contractor  shall  Prepare  a facilities  require* 
nuts  and  ut  111  tat  ion  plan  for  paragraphs  b.  *.2.1  through  *.*.2.*,  specifying 
the  aajox  facilities  that  will  be  required.  This  plan  shall  delineate  any 
unique  facilities  required  for  this  project  which  are  not  currently  available* 
use  will  be  made  of  Govemaent  facilities  In  this  plan. 

5*0  MAS*  FARTICIFATIOW 

5.1  This  contract  vrlll  be  administered  and  monitored  by  the  Langley 
1— arch  Center  of  the  XA2A.  The  scope  of  the  task  requires  that  a mnber  of 
KAflA  personnel  of  various  disciplines  be  involved  In  the  nonitorlng.  The 
technical  representative  of  the  Contracting  Officer  will  be  the  focal  point  of 
coordinating  the  Bean*  of  exchange  of  inf  onset  ion* 

5*2  The  KAfiA  will  participate  In  the  jxrogran  at  any  time  and  to  the 
extent  deemed  necessary  to  assure  satisfactory  direction,  espfaasla,  and 
p regress.  Joint  lASA/ecnt  rector  aonthly  aeetlngs  will  be  held  alternately  at 
tfct  UlC  and  contractor's  site  to  review  the  progress  of  tbs  sturdy  and  to 
ulaigii  intonation.  All  lnforaatlon  resulting  tnm  this  contract  will  be 
available  fdr  discern!  aetloc.  by  the  MAflA. 
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6,0  REPORTS  AND  DOCUMENTATION 

6.1  General 

Reports  and  documentation  shall  be  furnished  in  accordance  with 
Table  I,  Documentation  Schedule. 

6.2  Interim  Reports 

6.2.1  NASA  Program  Progress  Reports  together  with  cost  reporting 
on  NASA  Form  535  shall  be  implemented  and  maintained  in  accordance  with  the 
provisions  of  the  contract. 

6.2.2  Monthly  Progress  Reports 

The  contractor  shall  furnish  fifty  (50)  copies  of  a monthly 
progress  report  which  shall  comply  with  the  following  format: 

(a)  The  initial  page  (limit  two)  shall  present  a brief 
narrative  analysis  of  the  work  including: 

(1)  A summary  outlook  for  the  total  effort. 

(2)  Overall  status , such  as  significant  progress,, 
problem  areas,  plans,  and  change  in  plans  since  previous  report. 

(5)  Any  reccnmendatlons  as  to  actions  required  4.o 
meet  or  improve  schedules. 

(b)  The  reoaiiwler  of  the  repori  ehall  discuss  briefly  the 
progress,  problems,  and  plans  for  each  technical  area  defined  In  sections  k.l, 
H.2,  fc.5,  and  4A. 

(c)  Two  coplea,  narked  "preliminary,"  of  all  technical 
analyses  prepared  during  the  month's  reporting  period  shall  be  Included  with 
the  report. 
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6.2.5  Part  X Oral  Report  and  Supporting  Documentation 

At  the  completion  of  Part  I,  the  contractor  shall  present  an 
oral  briefing  to  the  NASA-IP.C  sunrcarl zing  the  contractor's  work  in  Part  I. 

This  report  shall  present  the  contractor's  assessment  (l)  of  the  systems  and 
configurations  together  with  his  recommendations  (with  substantiating  reasons) 
as  to  the  final  selection  and  (2)  of  the  qualification  procedures,  together 
with  his  recommendation  of  a qualification  program.  Copies  of  the  presentation 
slides  and  supporting  documentation  shall  be  transmitted  to  Ii*C  for  NASA 
evaluation  at  the  end  of  the  oral  report. 

6.3  Final  Report 

6.3.1  Oral  Report 

At  the  completion  of  Part  IX  of  this  study,  the  contractor 
shall  present  an  oral  briefing  to  the  NASA-mc  summarizing  the  contractor's 
work  in  Part  I and  Part  U.  Copies  of  the  slides  utilized  in  the  presentation 
phall  be  transmitted  to  the  IKC  at  the  conclusion  of  the  oral  report. 

6.3.2  Written  Report 

Within  thirty  (30)  days  following  the  completion  of  Part  XI, 
the  contractor  shall  submit  to  the  NASA-IilC  one-hundred  (100)  copies  of  a 
comprehensive  written  report  setting  forth  the  results  of  this  contract.  The 
report  shall  conform  to  a general  arrangement  acceptable  to  the  NASA  and  shall 
Include: 

(a)  Brief  summary  and  referencing  of  all  previous  reports. 

(b)  Detailed  conceptual  design  - This  report  shall  Include, 
but  not  bt  limited  to,  design  layouts,  detail  analyse  e td  drafts  of  perform- 
ance specifications.  All  design  analyses  used  In  the  design  together  with 
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their  complete  derivations,  or  literature  references,  shall  be  furnished.  All 
assumptions  used  In  the  design  shall  be  noted  so  that,  If  necessary,  the  design, 
calculations,  and  results  can  be  verified. 

(c)  Drawings  - The  contractor  shall  furnish  a complete  set 
of  drawings  in  sufficient  detail  so  that  detailed  design  and  manufacturer's 
drawings  can  be  completed.  These  drawings  shall  include,  but  not  be  limited 
to,  primary  structure,  detailed  dimensional  layouts,  system  and  subsystem 
arrangements,  wiring  schematics,  bus  interface,  deployment  mechanisms,  and  an 
overall  assembly  drawing.  These  drawings  shall  be  prepared  using  the  con- 
tractor's Internal  system  and  NASA's  title  block  and  numbering  section.  All 
drawings  shall  be  approved  by  and  become  the  property  of  NASA.  One  high- 
quality  reproducible  copy,  such  as  Mylar,  of  each  drawing  shall  be  submitted 
with  the  final  report. 

(d)  As  a part  of  the  final  report,  the  contractor  shall 
submit,  as  separate  documents,  the  plans  required  under  section  h.k  as  well  as 
the  reliability  document  required  by  paragraph  4.2.2. 
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GENERAL  INSTRUCTIONS  FOR  THE 
TECHNICAL  ANO  BUSINESS  MANAGEMENT  PROPOSALS 


PART  K GENERAL 

A.  Indiscriminate  .and  premature  release  of  information  concerning  pro- 
posed projects  of  the  National  Aeronautics  and  Space  Administration  can  lead  to 
public  misunderstanding  and  confusion.  To  avoid  this,  your  cooperation  is  requested. 
Specifically,  we  ask  that  your  organization  refrain  from  making  public  statements 
or  issuing  news  releases  concerning  the  work  called  for  by  this  solicitation  of 
proposals. 


B.  The  offeror  should  set  forth,  in  detail,  the  technical  and  manage- 
ment plans  by  which  he  intends  to  accomplish  this  work.  These  plans  will  be  an 
important  factor  in  the  selection  of  the  offeror,  and  should  be  specific  and  complete. 

C.  The  offeror,  in  his  Technical  Proposal,  shall  present  all  informa- 
tion necessary  to  demonstrate  his  understanding  of  the  problems,  to  evaluate  his 
proposed  solutions  to  the  technical  requirements,  and  ft  indicate  his  capability 
to  successfully  complete  the  objectives  of  this  Mars  Probe/Lander  study.  Evalua- 
tion of  the  proposal  will  be  on  the  basis  of  the  material  presented  and  substantiated 
In  the  proposal  and  not  on  the  basis  of  what  may  be  implied.  Legibility,  clarity, 
and  comp leteres s of  the  Technical  Proposal  are  important.  The  Technical  Proposal 
shall  be  limited  to  the  equivalent  of  two  hundred  (200)  pages,  85  X I I inches. 

This  shall  include  all  tent,  charts,  graphs,  drawings,  photographs,  figures  and 
appendices.  Necessary  personnel  resumes  shall  be  added  as  an  appendix  to  the 
proposal  and  will  not  be  counted  against  the  two  hundred  (200)  page  limitation. 

The  offeror  shall  submit  fifty  (50)  copies  of  the  Technical  Proposal. 

0.  The  Business  Management  Proposal  shall  be  completely  separate 
from  the  Technical  Proposal  and  shall  contain  all  information  relative  to  Cost  and 
Financial  Data.  It  is  also  requested  that  the  Cost  and  Financial  portion  of  the 
Business  Management  Proposal  be  prepared  in  such  a manner  that  it  can  be  separated 
from  the  rest  of  the  proposal.  The  Business  Manage.rent  Proposal  shall  be  limited 
to  the  equivalent  of  fifty  (50)  pages  85  X ! 1 inches.  The  offeror  shall  submit 
twenty-five  (25)  copies  of  the  Business  Management  Proposal. 

E.  Elaborate  format  and  binders  are  neither  necessary  nor  desired  for 
the  proposals.  The  actual  area  of  any  fold-out  or  oversize  pages  will  be  counted 
wiinst  the  limitations  specified.  Sheets  printed  on  borh  sides  will  be  counted 
a*  two  (2)  pages.  AM  type  shall  be  standard  12  point  or  larger,  double  spaced, 
and  shall  be  printed  black  on  white  paper. 

F.  The  Technical  and  Business  Management  Proposals  and  the  factors 
thereunder,  i.e.,  technical  approach,  technical  qualifications,  past  performance 
and  experience,  relation  of  projected  workload  to  capacity,  management  structure, 
and  cost  factors  and  financial  capability  are  set  forth  in  order  of  relative 
importance  and  shall  be  evaluated  on  this  basis. 
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G.  Classified  material  submitted  with  offerors'  proposals  will  be  in 
accordance  with  prescribed  regulations,  issued  by  the  Department  of  Defense, 
governing  the  safeguarding  of  classified  material. 

PART  II.  TECHNICAL  PROPOSAL 

A.  Criteria  to  be  Considered  in  Evaluation  of  Paragraph  B (Contents 
of  Proposal) 

1 . Overall  Technical  Approach 
a.  Detai led  Approach 


During  the  evaluation,  the  offeror’s  approaches  to  the 
solution  of  the  problems  of  each  technical  area  outlined  in  paragraph  8,  and  more 
specifically  set  out  in  section  k.O  of  the  Statement  of  Work,  will  be  assessed 
for  the  excellence  and  applicability  of  proposed  methods,  ingenuity,  and  proper 
emphasis.  The  offeror's  discussion  of  each  technical  area  will  be  examined  in 
detail  sufficient  for  assessment  of  the  offeror’s  understanding  of  the  problems 
and  his  understanding  of  the  current  technology  in  the  technical  areas. 

b.  Substantiating  Data  and  Analysis 

The  offeror's  discussion  will  also  be  carefully  assessed 
for  the  applicability  and  credibility  of  his  reasoning,  engineering  and  existing 
test  data,  and  analytical  procedures  used  or  to  be  used  to  substantiate  the  pro- 
posed engineering  approach  and  the  basis  for  the  proposed  emphasis  to  be  placed 
on  each  technical  area. 

2.  Technical  Qualifications 

The  offeror’s  discussion  of  each  of  the  technical  areas  out- 
lined in  paragraph  B,  and  more  specifically  set  out  in  section  4 0 of  the  Statement 
of  Work,  will  be  examired  for  evidence  of  his  ability  to  perform  the  study  based 
on  personnel  and  pas?  experience.  This  evidence  will  be  evaluated  with  emphasis 
on  the  excellence  and  suitability  of  the  following: 

a.  Kanpower,  Including  types  and  number  of  men  to  be  available, 
with  the  background  specialty  areas  and  the  applicable  experience  of  the  key  per- 
sonnel to  be  assigned  to  the  study  and  percentage  of  time  to  be  spent  on  this 
project. 


b.  Previous  company  experience,  the  nature  and  extent  of  such 
work  as  relatad  to  Urge  systems  studies. 

8.  Contents  of  Proposal 

In  his  proposal,  the  offeror  shall  discuss  the  problem  areas  and 
the  trade-off  studies  associated  with  each  of  the  technical  areas  included  in 
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section  4.0  of  the  Statement  of  Work.  The  offeror  shall  present  the  level  of 
Effort  which  he  estimates  can  be  accomplished  with  approximately  30,000  man-hours. 
To  facilitate  the  evaluation,  the  offeror  shall  arrange  his  prnoosal  into  the 
technical  sections  listed  below: 


1 . Subsystem  Concepts  and  Associated  Analyses 

a.  To  demonstrate  the  soundness  of  approaches  recommended  in 
2.c.  and  2.d.  below,  the  offeror  shall  discuss  in  detail,  each  of  the  areas 
listed  below,  relative  to  mission  requirements. 


subsystems . 


(I)  Communications,  instrumentation  , and  electrical  power 


(2)  Structures  and  materials,  including  thermal  pro- 
tection and  impact  attenuation  structure. 


(3)  Space  flight  and  atmospheric  entry  performance 
(including  thermodynamics,  aerodynami cs , and  flight  mechanics). 

(4)  Mechanical  subsystems,  including  parachutes,  separation, 
spin-up  and  despin  devices,  rocket  motors,  and  environmental  control. 


b.  The  offeror  shall  also  present  the  following: 

(1)  A preliminary  layout  of  the  probe  lander  (including 
an  inboard  profile  and  weight  characteristics),  having  an  external  configuration 
based  on  the  tension  shell  concept  presented  in  Appendix  B of  the  Statement  of 
Work. 


(2)  Preliminary  design  concepts  of  all  mechanical  sub- 
systems including  parachutes,  separation,  spin-up  and  despin  devices,  rocket  motors, 
and  envi ronmental  control. 

2.  Overall  System  Concept  and  Integration 

The  offeror  shall  discuss  each  area  noted  below  only  to  the 
depth  necessary  to  demonstrate  the  overall  conceptual  philosophy  and  to  divide 
the  problem  into  defined  elements  for  specialized  discussion  in  items  I,  3.  end 
4.  (In  a*  below,  for  example,  the  offeror  shall  restrict  himself  to  a discussion 
of  the  scientific  measurements  required,  means  of  making  these  measurements,  and 
means  of  communicating  these  measurements  to  the  bus.  The  details  of  achieving 
the  desired  communications  and  instrumentation  design,  such  as  specific  instruments 
erd  components,  should  be  discussed  under  l.a.(l)  above.) 

a.  Experiment  selection,  data  sampling  methods,  and  transmittal 
of  data  to  the  bus  for  relay  to  earth. 

b.  Mission  profiles  and  ana  yses. 
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C . Optimization  of  external  shell  design  considering  size, 
weight,  aerodynamic  performance,  and  future  lander  utilization. 

d.  Optimization  or  internal  payload  design  considering  sub- 
system integration,  sterilization,  ano  environmental  control. 

e.  Criteria  and  procedures  to  be  used  in  establishing  the  value 
and  extent  of  flight  tests  in  the  earth's  atmosphere  as  a part  of  the  overall 
qualification  program. 

f.  Interrelation  of  areas  a.  through  e.  above  and  the  associ- 
ated trade-offs  considered  pertinent  to  provioe  an  integrated  system  commensurate 
with  overall  mission  requirements 

3 • Qualification  Program 

The  offeror  shall  discuss  the  following  items  to  be  incorpo- 
rated in  the  qualification  program: 

a.  Criteria  for  establishing  and  the  methods  for  implementing 
a detailed  ground  test  program,  including  a preliminary  ground  test  plan. 

b.  Criteria  for  establishing  and  the  methods  for  implementing 
a detailed  flight  test  program  in  the  earth's  atmosphere  (including  a preliminary 
flight  test  plan)  in  the  event  such  a program  is  recommended. 

c.  The  effect  of  the  sterilization  requirements  on  the  ground 
and  flight  test  programs. 

d.  A preliminary  reliability  program  outlining  the  offeror's 
approach  and  proposed  methods  and  procedures  for  the  accomplishment  of  the  relia- 
bility requirements  as  delineated  in  paragraph  4.2.2  of  the  Statement  of  Work. 

4.  Stcri lization 


The  offeror  shall  present  his  capability  to  solve  the  problems 
relative  to  the  sterilization  requirements  by  discussing,  in  detail,  the  following: 

a.  Sterilization  influence  on  component  selection. 

b.  Establishment  of  sterilization  and  assay  procedures. 

c.  Facilities  required  by  b.  above. 

d.  Sterilization  control  during  manufacturing,  handling, 
transportation,  and  checkout. 

a.  Star l Illation's  impact  on  schedule  and  costs. 
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5.  Technical  Management  and  Plans 


The  offeror  shall  outline: 

a.  A progtan.  plan  (manpower,  subcontractors , and  schedule)  to 
carry  out  the  various  elements  of  Contractor's  tasks  in  the  Statement  of  Work 
This  plan  shall  include  the  estimated  man-hours  (including  subcontractors)  required 
for  each  of  the  technical  areas  in  items  I through  4 above. 

b A detailed  technical  management  plan,  including  a discussion 
of  the  offeror’s  planned  organizat lona I arrangement , lines  of  authority,  communica- 
tion, and  coordination  between  the  offeror,  subcontractors,  and  the  National  Aero- 
nautics and  Space  Administrat ion. 

PART  III.  BUSINESS  MANAGEMENT  PROPOSAL 


Tne  offeror  shall  present  his  Business  Management  Proposal  In  accord- 
ance with  the  details  requested  below.  Paragraphs  A through  0 are  listed  in  order 
of  relative  impor tarcc. 

A . Management  Structure 

1.  Set  forth  In  detail  your  under s land ing  of  the  total  management 
job,  particularly  as  to  management  methods  to  b?  utilized  in  undertaking  and  exec- 
uting the  proposed  work  under  this  proposed  contract  with  particular  consideration 
given  to  the  follow.nq  elements: 

a.  lines  of  authority,  commun i ca t ion  and  control  by  the 
National  Aeronautics  ard  Space  Administration  and  the  prime  Contractor  predicated 
on  the  e'senticl  Government  requirement  that  the  company  provide  a Project  Manager 
who  reports  to  an  individual  in  a top -management  position. 

b.  The  proposed  commun icat ion  and  control  between  your  company 
and  subcontractors  should  be  specified. 

2.  Submit  a resun*e  of  all  key  personnel  who  will  conduct  the 
managerial  affairs  of  this  project,  indicating  the  percentage  of  time  that  these 
key  personnel  will  devote  to  this  project.  Indicate  evidence  of  your  company's 
willingness  co  devote  company  resources  in  other  branches  or  divisions  to  help 
support  this  project  with  key  personnel  to  solve  difficult  problems. 

3.  Submit  evidence  that  the  project  can  be  properly  staffed  with 
qualified  personnel,  ircljding  the  offeror's  record  with  regard  to  work  stoppages, 
Strikes,  lockouts,  and  labor  disputes  during  the  past  three  (3)  years  and  date 

of  expiration  of  labor  contracts  of  crafts  essential  to  this  project,  with  comments 
as  necessary. 

4.  You  should  submit  clear  and  convincing  evidence  of  your  firm's 
partlcipat ion  in  the  NASA  Cost  Reduction  Program;  a cost  reduction  program  which 
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is  administered  by  any  other  Government  agency;  or  a cost  reduction  program  which 
is  Contractor-sponsored.  In  the  event  that  you  have  previously  submitted  evidence 
to  this  Center  of  par t ic ipat ion  in  such  a program,  the  response  should  so  indicate. 
However,  it  is  desirable  that  any  previous  submittal  should  be  updated  to  ensure 
that  complete  evaluation  of  this  segment  of  your  proposal  is  possible.  Further, 
if  you  are  participating  in  the  program  under  c i rcumstances  wherein  admin i st rat  ion 
is  effected  by  another  NASA  Center  or  Government  agency,  your  proposal  should 
identify  the  source  of  administration. 

8.  Past  Performance  ard  Experience 

The  offeror  should  submit  evidence  of  contracts  in  fields  relating 
to  this  procurement  which  have  been  or  are  in  the  process  of  being  performed  by 
the  company  within  the  past  three  (3)  yeas,  specifically  setting  forth  for  each 
contract,  the  contract  number,  Government  agency  placing  the  contract,  type  of 
contract,  brief  description  of  the  work,  indicating  for  each  cost-type  contract 
amounts  of  overrun  or  underrun,  reasons  therefor,  and  percentage  of  fixed  or 
incentive  fee.  For  each  contract,  show  the  record  of  contract  completion  against 
the  anticipated  completion  date  at  time  of  entering  the  contract,  with  explanations 
as  considered  necessary. 

C , Relation  of  Projected  Workload  to  Capacity 

1.  The  relation  of  projected  workload  to  capacity,  giving  con- 
sideration to: 


a.  . The  average  and  peak  percentage  of  available  capacity 
required  for  the  task. 

b.  The  schedule  labor  buildup. 

c.  The  extent  of  new-hire  labor  requirements  (Including  any 
relocation  of  personnel). 

d.  The  possibility  of  interference  with  other  projects  at 

the  plant. 


2.  Indicate  availability  of  facilities  required  to  accomplish 
the  proposed  work  under  this  proposed  contract  by  completing  the  forms  attached 
hereto  as  Enclosure  1,  Facilities  Quest ionnaire  and  Summary  Sheet,  and  Exhibit  1 
thereto  en*it?ed  ‘‘Additional  Industrial  Facilities  Required*.  Consideration  will 
be  given  to: 


a.  Currant  inhouse  capability. 

b.  Principal  vendors  and  subcontractors  facility  availability. 

c.  New  facility  requirements  and  cost  thereof 
(I)  Offeror 

(*)  Subcontractors  and  vendors. 

- 6 * 


L-S295 

Attachment  0 


297 


d.  Government «owned  facilities. 

0.  Cost  factors  and  Financial  Capability 

1 .  Cost  Factors 


The  offeror  shall  submit  a detailed  Cost  Proposal  which  will 
be  prepared  so  as  to  include,  as  a minimum,  all  of  the  subdivisions  of  work  and 
elements  of  cost  shown  in  Attachment  F,  Estimated  Cost  and  Fee  Summary. 

2,  Financial  Capability 

A balance  sheet  for  your  last  Fiscal  Year  and  accompanying 
profit  and  loss  statement  must  be  furnished.  Evaluation  will  be  based  on  your 
current  financial  condition  and  general  corporate  rating. 
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LANGLEY  RESEARCH  CENTER 
ANNOUNCEMENT 


No. 


1-65 


DATE 

January  7.  '965 


SUBJECT:  Source  Evaluation  Board  for  Comparative  Studies  of  Conceptual  Design 
and  Qualification  Procedures  for  a Mars  Probe  Lander 


Pursuant  to  Chapter  3 of  the  Source  Evaluation  Board  Manual  (NPC  ^02)  I hereby 
designate  the  following  individuals  to  serve  as  members  of  the  Source  Evaluation 
Board  for  the  subject  Mars  Probe  Lander  contract: 

Chal rman: 

Edwin  C.  Kilgore,  Chief,  Plight  Vehicles  and  Systems  Division 

Other  Voting  Members: 

Andrew  G.  Swanson,  Technical  Assistant  to  the  Assistant  Director  for 
Flignt  Projects 

Leonard  Roberts,  Dynamic  Load3  Division 

Eugene  S.  Love,  Aero-Physics  Division 

David  B.  Ahearn,  Procurement  Division 

George  T.  Halley,  Office  of  Chief  Counsel 

William  T.  0‘Bryant,  Office  of  Space  Science  and  Applications,  NASA 
Headquarters 

Ralph  V.  Hay,  Jr.,  (alternate:  Peter  A.  Cerreta),  Office  of  Advanced 

Research  and  Technology,  NASA  Headquarters 

Nonvotlnq  Recorder: 

Henry  J.  Pratt,  Procurement  Division 

The  Source  Evaluation  Board  will  conduct  its  business  in  strict  accordance  with 
tha  provisions  of  the  Source  Evaluation  Board  Hanual.  It  will  be  the  responsi- 
bility of  the  Chairman  to  determine  that  each  Board  member  (both  voting  and  non- 
voting) is  fully  conversant  with  the  instructions  contained  in  this  publication. 
Board  duties  will  taka  precedence  sver  other  normal  duties  of  the  Board  members. 

Attention  of  the  Chairman  and  each  Board  member  is  particularly  directed  to 
paragraph  102  of  the  Source  Evaluation  Board  Hanual  which  specifies  who  shall  be 
authorized  to  select  a source  for  the  negotiation  of  a contract.  It  is  empha- 
sized that  tfei  findings  of  the  Source  Evaluation  Board  are  only  guides  for  tha 
final  selection  process  and  must  be  presented  in  sufficient  depth  of  information 
to  permit  the  intelligent  weighing  of  alternatives.  All  acceptable  proposals 
will  be  evaluated,  ranked  and  reported.  The  Board's  written  findings  will  give 
no  consideration  n elements  which  are  extraneous  to  the  technical  and  business 
capabilities  of  the  contractors  evaluated. 
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At:?*:tion  of  the  Chairman  ^ • ■*  further  specifically  directed  to 

hAV  PK  J.r 0^-**  which  ib'*  J !osure  of  information  to  anyone  who 

i * not  a * > p 'jf  *' c ipa 1 1 *.  i ' 'valu.it ion  proceedings.  Prior  to  the 

opening  of  ,a . 4 , tn«  Bo.,*  «.  «.  Jttclose  such  information  as  may  be  neces- 

sary for  the  pu'ptf-r  tVv*  'op-  * l 1 ' tre  request  for  proposal  and  tKen  only  to 
the  extent  and  u*  ihoM  per*.  < considered  essential  for  that  purpose.  After 
the  opening  of  orrpn*,ai  s , a . 1 format  ion  will  be  kept  privy  to  the  members 

(voting  and  nonvoting}  of  s 1 . s^ard  and  tn  properly  designated  committees, 
panels,  advisers  and  consul  ;*  ;f  o*  0 need- tu- know  basis.  The  right  to 
information  on  a need- io-know  basis  does  not  extend  to  the  normal  chain  of 
supervision  affecting  any  member  of  the  Board  or  arising  out  of  technical 
responslbi I i ty  for  the  action  being  evaluated  except  os  specifically  approved 
by  the  Chairman  on  a case-by-case  basis.  Individuals  designated  by  the 
Chairman  will  be  notified  by  him,  in  writing,  with  respect  to  the  privileged 
character  of  information. 


Floyd  L.  Thompson 
Oi  rcc  tor 


Copies  to: 

Each  Committee  Hember  (through  official  channels) 
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(4)  Sterilization  Panel 

Billy  L.  Dove,  Chairman,  Instrument  Research  Division 
£•  John  Brock,  Jr.,  Flight  Vehicles  and  Systems  Division 
Charles  H.  McLeUen,  Aero-Physics  Divjoion 
Harold  E,  Poole,  Instrument  Research  Division 

( 5 ) Tcchnl  c a 1 I Irnn  gement  and  Pip  nr.  Panel 

Villlom  C.  Hayes,  Jr.,  Chalrnwn,  MQRL  Studies  Office 
Morion  B.  Deyffert,  Mechanical  Service  Division 
Mark  w.  Cole,  Jr.,  Electrical  Systems  Division 

D.  Business  Evaluation  Committee 


Henry  J.  Pratt  . Chairman,  Procurement  Division 

John  C.  Pace,  Procurement  Division 

Harold  Crate,  Research  Models  and  Facilities  Division 

Arthur  R.  Friend,  Program  Control  Analysis  and  Budget  Office 

2.  The  duties  of  the  committees  vill  he  to  assist  the  Source  Evaluation  Board  in 
arriving  at  its  assessments  of  the  proposals  in  the  manner  to  be  prescribed  by  the 
Source  Evaluation  Board  previously  established  for  this  procurement. 

3.  Attention  of  all  connlttce  members  is  directed  to  NASA  PR  3.804-4  vhlch  prohibits 
the  disclosure  of  information  regarding  this  evaluation  to  anyone  vho  Is  not  also 
participating  in  the  same  evaluation  proceedings.  The  right  to  information  does 

not  extend  to  the  normal  chain  of  supervision  affecting  any  corealttee  member. 


Edvln  C.  Kilgore 

Chairman,  Source  Evaluation  Board 


APPROVAL; 
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Mechanical  Service  Division  Branch  Heads 
Administrative  Services  Division 
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PART'S  Role  In  Vovs^er  Program 

The  Voyager  Program  is  a major  new- start  program  aimed  at  the  exploration 
of  Mars  and  Venus,  and  must  precede  any  canned  planetary  exploration  program. 
(ART  should  place  itself  in  a position  to  Influence,  to  some  extent,  the  objec- 
tives of  the  Program  and  to  ensure  that  data  which  may  be  required  for  future 
■aimed  missions  is  obtained  on  a timely  basis.  (Hie  Voyager  Program  in  the 
Planetary  Program  plays  the  same  role  as  Surveyor  and  Lunar  Orbiter  play  in 
the  Lunar  Program.) 

Much  of  the  technology  associated  with  the  Voyager  Program  relates  to 
atmospheric  entry,  and  is  to  be  found  in  OART  (i.e.,  langley  and  Ames),  rather 
than  OSSA,  and  OART's  participation  is  important  if  NASA  is  to  achieve  its 
program  objectives  in  planetary  exploration . The  participation,  moreover, 
would  provide  both  focus  and  incentive  for  OART  advanced  technology  in  many 
diverse  areas. 

The  mechanism  for  OART's  participation  in,  and  Influence  on,  the  Voyager 
Program  lies  in  the  OART  Centers  taking  some  responsibility  for  part  of  the 
Program*  Die  extent  of  Langley's  capabilities  in  the  technologies  required 
In  the  Voyager  Program  together  with  the  alternate  roles  that  langley  could 
assume  in  the  Program  are  outlined  below: 

Un<ley  Research  Center's  Capabilities 

The  technology  associated  with  the  development  of  the  Voyager 
Capsule  Bus  Is,  In  essence,  the  technology  of  atmospheric  entry  and  landing, 
and  Includes  the  technical  areas  of  entry  vehicle  design,  the  xml  protection, 
eooBunlcation,  propulsion,  impact  attenuation  and  landing. 

This  technology  has  been  pursued  In  depth  at  langley  Research  Center 
for  easy  years  through  ground  and  flight  test  programs  and  has  resulted  la  such 


developments  aa  Project  Mercury,  Project  PAM  (Radio  Attenuation  Measurements) 
and  Project  Fire.  These  project*  in  effect  have  established  the  state-of-the- 
art  in  design,  coonunication,  and  heating  for  atmospheric  vehicles  in  the  velocity 
range  20,000  ft/sec  to  h0,000  ft/sec.  Smaller,  but  nevertheless  significant, 
projects  at  Langley  Research  Center  include  supersonic  and  high  altitude  para- 
chute deployment  programs,  and  the  development  of  entry  vehicle  diagnostic  in- 
strumentation, data  storage  and  data  transmission  systems* 

The  technology  associated  with  the  Capsule  Experiments  is  primarily  that 
of  developing  instrumentation  to  cover  an  extremely  vide  variety  of  measure- 
ments, Including  life  detection,  atmospheric  properties,  surface  chemistry 
and  physics,  meteorological  conditions,  etc* 

Iangley  Research  Center  has  experience  in  many,  but  not  all,  of  these 
areas  and  includes  the  development  of  flight  instrumentation  for  tho  measure- 
ment of  atmospheric  properties,  planetary  horizon  definition,  surface  strength 
characteristics,  end  landing  dynamics  (for  Surveyor). 

With  this  background,  an  in- house  research  progrt^  has  been  pursued  at 
langley  Research  Center  for  the  pest  two  years  aimed  et  the  technology  required 
for  the  Voyager  Capsule,  recognizing  that  these  are  unique  design  problems 
that  arise  es  a result  of  the  tenuous  I'artlan  atmosphere,  the  requirement  for 
sterilisation,  and  the  long  spaceflight  prior  to  landing. 

The  continuing  program  has  Included  structural  and  thermal  materials 
tests,  wind  tunnel  tests,  flight  tests  of  atmospheric  measurements  Instrumen- 
tation and  currently  Includes  contracted  comparative  studies  of  system  design 
ami  of  all  development  and  qualification  procedures.  It  is  anticipated  that 
entry  vehicle  structures  and  instrumented  crush-up  packages  will  be  fabricated 
and  tasted  during  this  year. 
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Alternate  LHC  Roles  (Summarized  in  Charts  1 and  2) 

I.  IHC  would  have  Project  responsibility  for  the  development  of  a 
Voyager  Capsule  (for  use  in  1971  and  subsequent  years)  consisting  of  a 
nultimission  Capsule  Bus  together  the  integration  of  Capsule  Experi- 

ments to  determine  the  atmospheric  and  surface  characteristics  of  l^rs. 

These  experiments  would  be  supplied  from  various  sources,  including  JPL 
and  NASA  Centers,  for  integration  into  the  Capsule  system.  Integre.tion  of 
the  Capsule  with  the  Spacecraft  and  Launch  Vehicle  would  be  JPL's  :*espr\- 
sibility  (see  Chart  3 for  organizational  plan). 

II.  LRC  would  have  Project  responsibility  for  the  development  of  the 
Capsule  Bus  with  JPL  having  responsibility  for  the  Capsule  System  [i.e., 
integration  of  the  Capsule  Bus  with  Capsule  Experixaents ) . In  this  role, 

UlC  would  define  the  capsule  bus,  provide  the  experiments  for  measurement 
of  Mars  atmospheric  properties,  and  provide  the  Project  direction  to  develop 
the  flight  qualified  capsule  bus.  (See  Chart  k for  organization  plan.) 

III.  LRC  would  not  assume  any  Project  responsibility  but  would  supply 
definitive  study  information  prior  to  Capsule  development  and  continuing 
supporting  technology  during  the  early  development  phase.  Such  support 
would  Include  flight  testing  of  capsule  subsystems  and  of  the  complete 
Capsule  Bus,  in  the  Earth's  atmosphere.  Additionally  LRC  would  supply  an 
Atmospheric  Measurements  Package  for  incorporation  In  the  Voyager  Program. 
(See  Chart  5 for  organization  plan.) 


Preferred  LRC  Role  - Case  II  or  III 


A comparison  of  Cases  I,  II  and  IH  on  Chart  I shows  that  Case  I 
involves  the  greatest  Project  responsibility  and  a corresponding  large  LRC 
manpower  requirement  of  120  people,  more  than  half  of  whom  would  be 
associated  with  a Project  Office.  Cases  II  and  III  have  lesser  demands  on 
manpower  and  for  this  reason  appear  more  attractive. 

Case  II,  requiring  80  people,  represents  a technology  effort  involving 
50  people  plus  a Project  Office  of  30  people  and  would  allow  LRC  to  have 
Project  responsibility  and  authority  to  develop  the  Capsule  Bis  for  the 
Voyager  Program  whereas  Case  l±x  represents  the  technology  effort  (i.e., 

50  people)  but  without  a Project  Office  (and  without  the  corresponding 
Project  authority).  Thus,  LFC  could  re' Un  authority  to  implement  technical 
decisions  at  a cost  of  30  people  in  a Project  Office. 

The  technology  effort  in  Cases  II  and  III  would  consist  of  three 
major  elements: 

1.  Capsule  Definition  Program 

2.  Earth  Atmosphere  Flight  Program 

3.  Atmospheric  Measurements  Package  Development 
These  elements  are  described#in  more  detail  as  follows: 

1.  Capsule  Definition  Program 

The  present  LRC  program  consists  of: 

(a)  An  in-house  study  effort  leading  to  a contractual  study 
by  the  AVCO  Corporation  on  ’’Comparative  Studies  of  Conceptual 
Design  and  Qualification  Procedures  for  a Kars  Probe/Lander M 
which  It  due  to  begin  May  20. 

(b)  An  in-house  research  and  technology  effort  in  moat  of 
the  areas  that  relate  to  the  Capsule  design. 


It  is  proposed  that  the  AVCO  Study,  together  with  the  results  of  the  in- 
house  research  effort,  be  used  as  the  basis  for  the  preparation  of  Capsule 
design  specifications  (i.e.,  these  specifications  would  constitute 
"P**eli»inary  Definition”  and  would  be  used  in  further  design  and  develop- 
ment contracts).  IRC  would  continue  to  participate  in  the  Capsule  Definition 
up  tonFinal  Defi nit ion" through  an  increased  level  of  effort  on  the 
supporting  technology,  particularly  in  the  following  ar-  as. 

Aerodynamics 

Dynamics  and  Aeroelasticity 
Structures 
Thermal  Protection 
Communications 
Diagnostic  Instrumentation 
Propulsion  asx s 

Retardation  Systems 
Mechanical  Subsystems 
Sterilization 

Such  a technology  program  would  allow  QART  to  contribute  to  and  influence 
the  Capsule  design  in  a major  way. 

The  application  of  these  technologies  to  the  Voyager  mission  is  shown 
in  Chart  6 and  the  phasing  of  the  technology  effort  in  relation  to  the 
Phase  I - Phase  II  Capsule  development  is  illustrated  in  Chart  7. 
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2 • Earth  Atmosphere  ?light  Program 

Although  the  major  par;  of  the  Capsule  research  and  technology 
effort  can  he  accomplished  through  the  use  of  ground  facilities,  a limited 
program,  designed  to  develop  and  test  mission  hardware  in  the  Earth's 
atmosphere,  is  anticipated. 

The  scope  of  such  a flight  program  is  still  under  study  hut 
the  possible  major  elements  together  with  the  flight  objectives  are  out- 
lined below: 

g Small  scale  Capsule  Configurations,  using  Scout,  to  investigate: 

(a)  rigid  body  dynamics 

(b)  thermal  protection 

(c)  blackout  (transmission  through  woke) 

^ Parachute  development  test,  to  determine: 

(a)  steady  and  transient  performance  of  fullscale  parachute 
Earth  Atmosphere  Entry  of  Capsule  Bus,  using  Saturn  13  to: 

0 

(a)  qualify  Capsule  Bus  subsystems  including  structure, 

heat  shield,  connuni cation,  diagnostic  instrumentation,  parachute 

deployment,  etc. 

The  accomplishment  of  such  a flight  program  is  considered  to  be  well  within 
the  capabilities  of  LRC  and  would  utilize  the  past  experience  on  Trailblaxer, 
Scout,  Project  EIRE,  Areas  (parachute  program)  and  other  projects. 

3-  Atmosphere  Measurements  Package  Devclotnient 

It  is  anticipated  that  the  Capsule  Bus,  during  its  descent 
through  the  Martian  atmosphere,  will  acquire  detailed  information  on 
ataospherlc  properties  (density,  pressure  and  temperature  profiles, 
composition,  etc.)  prior  to  Impact  on  the  surface.  LFC  proposes  an 


i 
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Atmospheric  Measurements  Package  capable  of  acquiring,  storing  and 
transmitting, ^prior  to  impact^data  on  the  Martian  atmosphere.  Such  a 
package  would  contain  instruments  and  components  developed  at  LHC  and 
elsewhere,  and  would  include  an  x-ray  backscatter  device  (for  direct 
measurement  of  density),  pitot  system  (pressure),  mass  spectrometer 
(composition);  solid  state  memory,  battery  and  antenna  for  data  handling. 
This  package  would  be  developed  under  contract  and  ground  and  flight 
tested  by  LRC  prior  to  incorporation  into  the  Capsule. 

liiC  experience  in  the  techniques  of  atompsheric  measurements  and 
interpretation  of  data  are  reflected  in  previous  pr  grams  relating  to 
determination  of  the  Earth's  atmosphere  Including  a program  leading  to  the 
definition  of  the  1962  Standard  Atmosphere. 
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CHART  1 

ALTERNATE  LRC  ROLES  IN  VOXAGER  PROGRAM 
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' WUK8^MENT 

LANOIIY  KISIACCH  C (NT  1 t 

CHAPTER  2-9 
PAGE  1 of  2 
DATE  May  21,  1965 

(SUBJECT  Planetary  Missions  Technology  Steering  Committee 

1.  GENERAL 


This  instruction  establishes  a Planetary  Missions  Technology  Steering  Com- 
mittee, reporting  to  the  Director,  and  sets  forth  its  functions  and  member- 
ship. 


2.  FUNCTIONS 


The  functions  of  this  committee  are  to. 

a.  Survey  in-house  and  contractual  supporting  research  and  technology 
pertinent  to  planetary  missions. 

b.  Recommend  new  effort  or  changes  in  effort  in  supporting  research 
and  technology. 

c.  Monitor  research  programs  so  that  new  results  and  developments 
can  be  made  available  to  study  contractors. 

d.  Participate  in  the  definition  of  the  scope  and  depth  of  contract  studies. 

e.  Guide  and  review  the  progress  of  contract  studies. 

f.  Evaluate  results  of  studies  and  recommend  future  actions. 

a 

3.  MEETINGS 

a.  Meetings  are  to  be  held  on  the  call  of  the  Chairman. 

b.  The  Chairman  is  to  appoint  a Secretary  to  record  the  minutes  of  each 

meeting. 

c.  The  minutes  of  meetings  are  to  be  submitted  to  the  Director. 

4.  MEMBERSHIP 

The  following  are  designated  to  serve  on  the  committee  until  relieved  in  the 
j capacities  indicated 

! y i r"1 

1 Chairman:  Dr.  Leonard  Roberts 

I Members:  Roger  A.  Anderson 
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ANUAL 

IANOLIY  RISIAICN  CINItl 


Paul  R.  Hill 
Edwin  C.  Kilgore 
Euge  :ie  S.  Love  ' ] 

William  D.  Mace 
William  H.  Phillips 
James  E.  Stitt  . : 


CHAPTER  2-9 

PACE  2 of  2 

OATE  May  21,  1965 


5.  SUPPORTING  COORDINATORS 

a.  To  assist  the  committee  in  obtaining  information  to  carry  out  its 
functions,  division  chiefs  have  designated  personnel  who  are  hereby  ap- 
poin.ed  as  coordinators  for  their  respective  divisions: 


Aero-Physics  Division 

Applied  Materials  and  Physics  Division 

Dynamic  Loads  Division 

Flight  Vehicles  and  Systems  Division 

Full-Scale  Research  Division 

Instrument  Research  Division 

Space  Mechanics  Division 

Structures  Research  Division 


Robert  A.  Jones 
Edward  M.  Sullivan 
Harry  L.  Runyan,  Jr. 
James  F.  McNulty 
Cornelius  Driver 
Sheldon  T.  Peterson 
John  D.  Bird 
Lawrence  D.  Guy 


b.  The  specific  functions  of  supporting  coordinators  are  to: 

(1)  Coordinate  information  between  the  committee  and  their 
divisions  concerning  existing  and  proposed  research  and  technology 
pertinent  to  planetary  missions. 

(2)  Participate  in  the  formulation,  technical  review,  and 
evaluation  of  contract  studies. 

(3)  Disseminate  the  results  of  contract  studies,  as  appropriate, 
within  their  respective  divisions. 
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RECOMMENDED  IRC  PCSITTON  THE  VOYASSR  PROGRAM 


The  proposed  IRC  position  in  the  Voyeger  Program  is  essentially 
one  of  technical  responsibility  end  strong  technical  support  in  the 
eras  of  Entry  Technology  end  is  described  in  terms  of  : 

(1)  supporting  technical  programs  to  be  conducted  LRC 

(2)  working  errongeoonts  between  LRC  end  JPL 

This  position  is  based  on  our  current  estimate  of  the  technical  need;i 
of  the  Voyager  Capsule  Progrem  in  the  areas  in  which  LRC  can  make  a 
major  contribution  end  is  subject  to  modif icetion  in  the  loter  phases , 
particularly  in  th«  area  of  flight  testing,  as  more  definitive  require- 
ments are  established. 

The  Voyeger  Capsule  phasing  soqucnce  is  dictated  in  pert  by  the 
need  to  dovelop  the  Voyager  Capsule  in  pore  lie  1 with  the  Voyeger 
Spacecraft  and  eo  allow  proper  integration  of  the  two  systems.  The 
recommended  Voyager  Capsule  phasing  schedule  is  shown  in  figuro  1; 

•Iso  shown,  for  reference  purposes,  is  the  Voyager  Spacecraft  phasing 
•chedule.  In  the  Capsule  phasing  schedule,  the  Frelimnery  Definition 
Phase  would  be  complete  by  January  1966.  The  Final  Definition  and 
Development  Phase  would  be  initiated  by  release  of  an  industry-wide  RFP 
landing  to  the  selection  of  a single  contractor  by  Juno  1966.  With  a 
•inglo  contractor  oolected  at  this  early  do  to,  the  Capsule  development 
•chedule  can  be  msdo  to  para  11a 1 the  Spacecraft  Development  schedule* 

The  recommended  IRC  position  in  the  Fro li mine ry  Definition  Phase 
end  In  the  Final  Definition  end  Development  Phases  for  the  Voyager 
Capsule  ia  documented  In  the  following  paragraphs. 


Preliminary  Definition  Phose  of  the  Voyeger  Capsule 
Juna_1963  --January  1966 


It  is  recommended  that  the  AVCO  Study  "Comparative  Studies  of 
Conceptual  Design  end  Qualification  Procedures  for  e Mars  Frobe/Lander" 
(mo  Appendices  A and  B),  closely  monitored  by  IRC  and  JPL,  and 
•upplercentad  by  in-house  efforts  at  IRC  and  JPL,  be  used  as  the  basis 
for  Preliminary  Definition.  In  order  to  ensure  compatibility  with  the 
overall  Voyager  System  it  is  essential  that  JPL  assist  LRC  during 
this  phase  particularly  in  the  areas  of  electronics  end  Cepsule/Space- 
creft  interface  definition.  n 

The  recommended  working  arrangement  between  LRC  and  JPL  during  this 
Phase  is  shown  in  figure  2.  IRC  will  have  responsibility  for  management 
•nd  technical  direction  through  a Study  Director  reporting  to  tha  Office 
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of  tha  Dlroctor,  Tht  Study  Director  will  bo  assisted  by  a management 
■taff  sod  functional  otaff  consisting  of  technical  monitors  from 
approprlata  LAC  Divisions.  It  la  recommended  that  JPL  participate  1a 
tha  following  aannen 

(a)  Establish,  under  the  JPL  Capsule  Manager,  a correspond lag 
functional  staff  to  work  with  LRC  counterparts  in  the  various  technical 

ereae . 

(b)  Provide  JPL  reprasantatlvaa  at  LHC  throughout  the  study  to 
accomplish  the  necessary  coordination. 

(c)  Assure  Voyager  Capsule  management  participation  by  having 
the  Voyager  Capaule  Manager  attend  reviews  (midterm  ond  final). 


Fifth!  pef  jn*  t inn  and  Develor^nt  Phagey 
Of  the  Voya^r  Copula 
February  19^6  - 


It  is  assuaod  that  this  phase  of  the  Voyager  Progrcm  vill  be 
managed  by  JPL  with  LRC  performing  a supporting  technical  role.  To 
fulfill  its  technical  rolo,  IRC  will  assist  JPL  in  the  final  definition 
of  the  Voyager  Capsule,  particularly  in  the  area  of  Entry  Technology 
Including  the  instrumentation  and  communication  methods  to  be  used 
during  entry;  in  addition,  IRC  will  plan  and  execute  a Supporting 
Technology  Program.  Specifically  it  la  recommanded  that  LRC  assu am 
the  following  responsibilities i 

(a)  Assist  JPL  in  tha  preparation  of  the  RFF  for  tha  Final 
Definition  and  Development  Phase. 

(b)  Serve  on  the  SEB  and  its  technical  committees, 

(o)  Conduct  a supporting  R & D ground  program  to  permit  final 
definition  of  tha  Voyager  Capsule  (aea  Appendix  C). 

(d)  Review  with  JPL,  design  and  apecif ications  for  Voyager  Capaule* 

, {•)  execute  a supporting  riight  program  in  the  Earth1* 

atmosphere  (sea  Appendix  Ch  This  flight  program  to  be  deflalUsad 
during  the  Preliminary  Deiinition  Phase, 

(f)  Provide  technical  asal stance  to  JPL  in  their  performsno*  of 
• full-ecal*  prototype  flight  teat  in  the  Earth's  atmosphere* 
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! 


I 


321 


* 


3 


(|)  Serve  m consultants  in  the  arts  of  Entry  Technology  to  JPL 
daring  hardware  development  aa  required. 

The  recommended  working  arrangement  between  IRC  and  JPL  during 
thin  pheee  ia  shown  In  figure  3.  JPL  will  have  responsibility  for  tho 
■aaegeaent  and  technical  direction  through  a Voyager  Capsule  Project 
Office  which  will  Integrate  LRC  inputs  into  the  overall  program. 

Through  a Planetary  Miesionn  Support  Office  (similar  to  exiatlng  Plight 
Reentry  Program  Office),  IRC  will  have  the  responsibility  for  the 
nenegenent  end  technical  direction  of  the  supporting  flight  program 
end  for  the  coordination  with  JPL  of  the  supporting  A & D ground  progrea. 
It  is  further  recoaaiended  that  LRC  personnel  attend  pertinent  JPL- 
oontrector  meetings  and  that  the  IRC  Planetary  Missions  Steering 
Coaal ttes  be  represented  et  the  major  reviews. 
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Study  Director 
Uonird  Roberts,  DID 


Technical  direction  of  Study 
Technical  direction  of  functional 
Staff 


T«chnic«i  juamMitUm 
V,  C.  Hayss,  K)RL 
(plus  1 ••ilstaot) 

fUBfiVlOBfl  &&&U. 

1«  8.  A • Jonsa , AfD 

3*  I.  M.  Sullivan,  AM>D 

}.  ft  3.  Bobbitt,  OLD 
A.  3,  ft  McNulty,  rVSO 

it  8*  T.  FuUraoa,  1RD 

it  L,  D,  Oqjr,  880 


Contract  Negotiation 
Contract  chengea 

All  communJ cation  with  Contractor 
and  JPb 

financial  Responaibilitiea 
Schedule  ftaaponalbllltlea 


Aerodynamic  Conf iguration 
Aerodynamic  Heating 

Propulsion 
Dtceleratore 
flight  Teat  Program 

Entry  Dynnmlca 
Entry  Load* 

Syatem  Integration 
Hachanlcal  Design 
Environmental  Control 
Qualification  Program 

Communication  Syatem 
lnatrumentetlon 
Tracking 
Sterilisation 

Structural  Ana ly a la 
Thermal  Protection 
2^*ot  Structure 
Structural  Configuration 
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S .•  r cV  A 0<f.X:  f-lf-'M.  |'-?^_  |2  V 

SUMMARY  SYSTEM  CHARACTERISTICS 

• tXKRIMlWS 

3 ■ Camera  TV  - 11-22  Pictures  Drpendi 09  Upon  Atmosphere 
TV  Resolution  Iron  30  rT.  to  1/4  FT. 

4 Penetrometer*  lor  Surlace  Hardness 
3 * leg  Doppler  lor  t -id  Measurement 

High  and  low  Altitude  Radars  lor  Surface  Roughness 
Atmospheric  Composition  and  Structure  Measurements 

• DEORBIT  CAPABILITY 

From  Ciltptical  Orbits 
700  - 1300  Am  Per  1 apsis 
4000  * ?OOOG  Am  Apoapsis 

• FltCHl  CAPSUIMFC) 

Shell  M/CqA  • 0. 2?  W * 2040  tbs.  W»tn  Growth  Margin 
15‘  Oia.  Alumir  urn  Hcneycor  o.  Purple  Blend  Mod  3 
ACS  Active  Cold  Gas  ACS  and  Maneuver 
Solid  Propellant  Hot  Gas  TVC 

Communications  Redundant  30  Watt  FSK  18000  IPS  System 
Dtorbit  Engine  l400  FPSFi«ed 

• aiGHT  SPACECRAFT  IFSI 

No  Maneuver  at  Separation 
Filed  Antenna 


76014  IP 


IrT  tK#  FC  ?yiU,"\  Ar*  4ndlf  The  selected  experiment. 

• r«  assigned  to  odain  proper, i«,  of  the  Mir  tun  atmoephere.  tnclu4.ni 

W«i?.C"LT*VUrT’n<  '*md  V*'°Cl'y  <rt,,n  • S'000  <•*«  »l«itude  until  impact. 
S«d  c«  characteristic*  art  obtained  from  to  lev  .ton.  impact  penetrometer,  and 


Tfc*  5*<*,*"t*  FC  d,*i*n  *•  on  a eiteable  vehicle  with  provisions  fur 

weight  growth.  The  design  is  charactsritcd  by  a high  degree  of  redundancy 
operational  capability  for  deployment  from  a w.dr  range  of  orbite  and  minimum 
reetricUons  on  the  fS  and  mission. 


V . 
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FLIGHT  CAPSULE  LAUNCH  CONFIGURATION 


PRESSURIZATION 

SYSTEM 


FLIGHT  SPACECRAFT 
AOAPTER 


ACCESS  DOOR 


FLIGHT  SPACECRAFT 
UMBILICAL 


FLIGHT  SPACECRAFT 
INTERFACE 


This  chart,  at  well  at  the  next  four,  prcr*  **  .he  physical  layout  of  the  FC  to  give 
an  early  indication  of  the  salient  features  the  conceptual  design. 

The  sterilization  canister  is  made  of  thin  aluminum  monocoque  construction  in 
three  major  sections:  1)  the  lid,  which  covers  the  entry  shell  and  is  jettisoned 
prior  to  orbit  injection,  2)  the  outer  conical  section  M the  base,  which  houses  the 
separation  system  (linear  shaped  charge),  and  3)  the  inner  circular  aection  of  the 
base,  which  provides  the  access  door  for  assembly  of  the  deorbit  motor.  All 
thrte  sections  are  welded  together  during  assembly,  together  with  the  semi- 
monocoque  FC-FS  adapter  running  through  the  canister. 

The  FC-FS  separation  system  is  located  at  the  forward  end  of  the  adapter  and 
consists  of  a clamp-cable  mechanism  for  tie-down.  The  FC  is  released  by  four 
explosive  bolts,  any  one  of  which  will  release  the  system.  Electrical  separation 
occurs  simultaneously  with,  and  is  caused  by,  mechanical  separation,  A 
pressurization  cystem  is  provided  in  the  canister  to  maintain  a slight  positive 
pressure  differential  (1  psi)  across  the  canister  during  the  time  period  from 
terminal  heat  sterilization  to  canister  lid  deployment. 


SUSPENDED  CAPSULE  STRUCTURES 


VIEW  A- A 

(ENTRY  SHELL  REMOVED) 


ENTRY  SHELL 
MOUNTING  RING 
AND  SEPARATION 


The  compUtw  suspended  capaulu  structure  is  composed  of  two  semi-monocoque 
structures,  one  forming  the  sfterbody  contour  (60°  truncated-cone)  and  the  other 
a cylindrical  section  around  the  AV  engine.  These  two  structures  are  held 
together  by  a ring  at  the  aft  end,  and  eight  radial  beams  and  the  entry  shell 
mounting  ring  at  the  other  end.  The  majority  of  the  equipment  is  mounted  on  the 
•ight  radia*  beams  in  the  front  portion  of  the  suspended  capsule.  The  longerons 
joining  the  eight  radial  beams  form  the  primary  load  path  system  for  the  AV 
engine  thrust  and  for  parachute  opening  loads.  Parachute  harness  lines  run  from 
lour  points  at  the  mounting  ring  to  a central  swivel  joint  from  which  a single  riser 
line  attaches  to  the  parachute.  The  parachute  system,  including  the  pilot  chute, 

U housed  near  the  front  of  the  structure  and  is  deployed  from  its  housing  on  the 
elde  of  the  afterbody. 
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SIGNIFICANT  STUDY  CONCLUSIONS 


• Only  Feasibility  Question  is  Low  q Parachute  Opening 


• New  TV  System  Design  (on  Platform)  Reduces  Wind  Gust  Effects 
to  a Remote  Hazard 


• FC  System  Has  Adequate  Performance  and  Weight  Margins,  a 
High  Degree  of  Redundancy  and  Adequate  Failure  Mode 
Provisions 


7 eoziep 


Th*  d«al|n  of  » phyilctlly  Lrg.  FC  hai  mod*  It  pwilbU  to  accomplish  mission 
ohjactivaa  with  coM.rv.tiv.  design.  Tho  ayatem  hat  sufficient  weight  cootingan - 
cUi  to  that  major  FC  d«ii|n  changaa  will  not  be  necessary  to  accommodate  any 
reasonable  increase  in  mission  instrumentation  requirements*  All  major 
possible  failure  modes  have  been  considered  in  the  design.  This  consideration 
has  resulted  in  the  inclusion,  where  appropriate,  of  redundant  subsystems  or 
increased  design  margins  to  overcome  single  failures  in  a given  subsystem. 

The  incorporation  of  the  two -axis  gimballed  TV  platform  slaved  to  the  IRS  makes 
it  possible  to  obtain  high  rasolution  TV  pictures  even  in  the  presence  of  high  wind 
gusts.  The  TV  platform  maintains  vertical  oriantation  for  capaula  elevation 
angle* • less  than  41°,  Although  capsule  swing  angles  greater  than  45°  can  occur 
with  very  high  wind  gusts,  the  capsule  will  return  to  an  angla  lees  than  45°  within 
three  to  five  seconds.  When  the  capsule  angle  is  greater  than  45°  TV  shutter 
operation  la  inhibited. 

II  remains  to  be  demonstrated  that  Urge  parachutes  can  be  deployed  at  lew  dynamic 
pressures. 
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PRE-ENTRY  WEIGHT  SUMMARY 


Calculated  (C) 


Total 


Estimated  (E) 

Contingency 

Weight 

FLIGHT  CAPSULE 

- 

- 

(2967.0) 

Sterile  Canister  Lid 

E 

0 

125.0 

Pressurization  Gas 

C 

50 

15.0 

PRE-F/C  SEPARATION 

- 

- 

(2827.0) 

Sterile  Canister  Base 

E 

.0 

163.0 

Pressurization  Tanks,  Etc. 

C 

0 

35.0 

Adapter 

C 

20 

125.0 

Hdw.,  Cables,  Bkts. 

E 

0 

45.4 

SEPARATED  VEHICLE 

- 

- 

(245a  6) 

Propulsion  Propellant 

C 

0 

400.0 

ACS  Cold  Gas  Expelled 

E 

0 

1.0 

TVC  Hot  Gas  Expelled 

C 

0 

17.6 

ENTRY  VEHICLE 

- 

- 

(204a  0) 

TtOtttP 


Th«  definition  of  Flight  Cap* ale  (FC)  as  used  on  the  above  table  represent*  the 
complete  weight  of  the  FC  a*  mounted  to  the  FS.  The  weight  eummary  1*  then 
presented  In  a breakdown  eta r ting  at  this  point  and  eubtracte  eubtotal  weight*  of 
jettisoned  or  consumed  element*  to  arrive  at  the  next  system  weight*  For 
example,  the  eterile  canister  is  Jettisoned  and  the  preesuriaation  gae  is  expelled 
prior  to  orbital  injection.  The  sum  of  these  weights  is  subtracted  from  the  FC 
weight  to  arrive  at  the  pre-FC  separation  or  orbit  weight.  For  each  weight 
element,  the  above  table  indicates  whether  the  weight  was  calculated  (hence  has 
supporting  preliminary  analysis)  or  estimated  (usually  a percentage  of  major 
weight  categories).  The  percentage  allowed  for  contingency  la  shown  in  the  third 
edema*  This  contingency  percentage  is  over  and  above  any  safety  factors,  etc. 
that  may  be  uead  in  individual  weight  calculations.  Tha  last  column  shown  the 
weight  for  each  Item,  including  contingency  (actor* 
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ENTRY  WEIGHT  SUMMARY 


M/C 0A-  tt  22  DIAMETER  ■ 15  ft 


ENTRY  VEHICLE 

Calculated  (C) 
or 

Estimated  (E) 

% For 
Contingency 

Total 

Weight 

(2040.0) 

Entry  Shell  Heat  Shield 

C 

20 

370.7 

Entry  Shell  Structure 

C 

20 

343.0 

Thermal  Control 

E 

0 

30.0 

ACS  - Reaction  Control 

C 

20 

36.0 

TVC  - Reaction  Control 

C 

20 

27.0 

Hdw,  Cables,  Bkts. 

£ 

0 

81.0 

Available  for  Growth 
SUSPENDED  CAPSULE 

E 

0 

127.3 

(1025.0) 

760165P 


Th«  tout  entry  weight  of  2,040  pounds  \s  based  on  an  M/Cj>A  of  0.22  and  a 
diameter  of  15  feet.  The  diameter  wae  selected  to  allow  conservatism  in  design 
••  weU  at  allowing  weight  available  for  growth  to  accommodate  increased 
I mUtion  objective*,  further  failure  mod*  effects,  etc.  The  entry  weight  consists 

of  two  major  categories:  1)  the  entry  shell  and  associated  attachments  (that 
i portion  jettisoned  at  parachute  deployment)  and  2)  the  suspended  capsule  (that 

| portion  suspended  on  the  parachute,  including  the  parachute  weight). 

i ^ contingency  factor  is  included  in  most  of  the  subsystem  weight  categories  over 

j 4n<*  4bovt  usual  factors  of  safety  used  on  the  operating  loads  for  material 

j alsing,  etc.  to  account  tor  unknown  brackets,  material  tolerances,  etc.  that 

cannot  be  determined  at  the  preliminary  design  point. 
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SUSPENDED  CAPSULE  WEIGHT  SUMMARY 


5 PENDED  CAPSULE 

Calculated  (C) 
Estimated  (E) 

% For 

Contingency 

Total 

Weight 

11025.0) 

Instrumentation 

C 

25 

196.1 

Altimeters,  Doppler 

C 

25 

54.4 

Telecommunications 

C 

25 

111.8 

Power 

C 

25 

160.0 

Parachute 

C 

20 

84.0 

Inertial  Ref.  System 

C 

20 

21.6 

Structure 

C 

20 

150.0 

Afterbody  Heat  Shield 

C 

20 

36.0 

Propulsion  Case 

C 

20 

49.0 

Hwt  ikts.  Cables 

E 

0 

129.5 

A’  idble  for  Growth 

E 

0 

32.6 

7601S6P 


The  instrumentation  weight  indicated  In  the  above  table  includes  both  mission 
experiments  and  diagnostic  instruments.  The  radar  altimeters  and  the  doppler 
radar  are  listed  separately  although  they  supply  experimental  data  as  well  as 
performing  other  functions.  The  telecommunications  weight  includes  all  of  the 
relay  communication  link  subsystems  as  well  as  the  data  handling  and  storage 
subsystems.  All  subsystem  weights  indicated  above  include  the  weight  of  necessary 
associated  hardwars,  i.e,,  mounting  containers,  wiring,  fasteners,  etc.  Ml  other 
bracketry,  interconnecting  cabling,  and  miscellaneous  hardware  are  inc»  \ in  the 
next  to  last  weight  category,  which  is  estimated  at  15%  of  the  suspended  c«  <sule 
weight,  excluding  the  available  for  growth  weight. 

The  inertial  reference  system  must  be  located  in  the  suspended  ceptule  since  it 
provides  the  orientation  reference  for  the  TV  camera  platform.  Similarly,  thi» 

AV  rocket  caee  weight  is  Included  in  the  suspended  capsule  weight  since  the  c*  e 
is  reuinsd  after  deorblt  thrusting. 

i 
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MODAL  AND  CONCEPTUAL  DESIGN  COMPARISONS 
FOR  THE  VOYAGER  CAPSULE 

By  James  F.  McNuTty,  Daniel.  B.  Snow 
and  Leonard  Roberts 

INTRODUCTION 

With  the  reduction  of  the  lower  estimate  of  atmospheric  pressure  on  Mars 
from  10  millibars  to  5 millibars  and  the  substitution  of  the  Saturn  V for  the 
Saturn  IB  as  a launch  vehicle,  many  technical  areas  in  the  Voyager  Program 
previously  studies  must  be  reassessed.  In  reference  1,  a thorough  study  was 
made  of  the  entry  from  orbit  mode  for  the  currently  predicted  range  of 
atmospheric  pressures  (5-10  mb),  utilizing  the  Saturn  V.  However,  this  study 
was  limited  in  scope  in  that  it  was  concerned  primarily  with  the  entry  phase 
of  a single  early  mission  and  did  not  consider  integration  of  this  mission 
vith  future  missions  in  a manner  to  assure  logical  development  of  subsyatems 
with  program  growth. 

In  an  effort  to  evaluate  and  identify  the  subsystem  requirements 
throughout  the  Voyager  Program,  an  analytical  study  was  made  of  capsule  systems 
required  to  land  payloads  of  weights  compatible  with  launch  vehicle  capability. 
Sixes  and  weights  of  flight  capsules  were  investigated  parametrically  in  order 
to  determine  the  penalties  associated  with  the  standard ixation  of  subsyatems 
for  the  capsule  delivery  system.  Various  decelerator  modes  were  considered 
and  a preliminary  assessment  was  made  vith  respect  to  weight,  reliability, 
development  time,  and  standardization.  Terminal  landing  systems  were  also 
Investigated  and  a trade-off  comparison  between  modes  was  carried  out. 

In  order  to  provide  a basis  for  a meaningful  analysis,  It  was  necessary 
to  bound  the  limits  of  the  study  with  some  specific  guidelines. 
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These  guidelines  are  defined  in  detail  in  the  body  of  this  report,  but  in 
general,  restrict  the  study  to  solely  the  out-of-orbit  node,  utilization  of 
the  Saturn  V as  launch  vehicle,  and  to  consideration  of  VM-1,  VM-2,  VM-3, 

YM-U,  VM-7  and  VM-8  as  possible  atmospheres.  Specifically,  the  technical 
study  could  be  divided  Into  four  phases.  Phase  I Is  trajectory  analyses. 
Amorous  trajectories  were^run  to  determine  the  load,  velocity,  altitude,  and 
flight  path  angle  relationship  for  the  entire  capsule  weight  range  under 
consideration  and,  also,  to  cover  capsules  combined  with  supersonic 
decelerators . Phase  II  Is  the  development  of  the  parametric  weights  of 
subsystems  as  a function  of  capsule  weight  and  3lze.  Those  weights  were, 

In  general,  derived  by  using  scaling  lsv3  in  combination  with  weights 
detailed  in  AVCO's  find  report  (reference  l).  Details  of  the  scaling  laws 
used  are  presented  in  this  report.  Phase  III  Is  the  synthesizing  of  the  above 
data  Into  system  estimates  and  presenting  the  system  options  In  comparison 
form  to  illustrate  the  advantages  and  disadvantages  of  the  various  approaches. 
Phase  IV  is  the  conceptual  representation  of  the  selected  mode,  capsule  and 
subsystems  to  be  carried  through  the  various  missions  of  the  Voyager  Program . 

SYMBOLS 

A Ckoss  sectional  area,  ft2 

Cp  drag  coefficient 

D diameter,  ft. 

e nature!  log  base,  2.?l826l8 

g acceleration  of  gravity,  32.2  ft/ sec2 

lap  specific  Impulse,  - 

* lb/  sec 

K constant  ■ 1120. 

2 


. . i 
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M 

Mach  nunber 

a 

bass,  slugs 

Mb 

millibar  (atmospheric  pressure) 

<1 

dynamic  pressure,  PSF 

KADVS 

Radar  Altimeter  Dopplei  Velocity  Sensor 

V 

velocity,  ft/sec 

VH 

V 

Voyager  Model,  used  to  designate  a particular  model 
atmosphere,  as  VM-3  or  VM-8 
weight,  lb 

a. 

angle  of  attack,  degrees 

7 

flight  path  angle,  degrees 

P 

density,  slugs/ft^ 

SUBSCRIPTS 

C 

allocated  capsule 

D 

delivery  system 

1 

entry  conditions 

f 

flnsl,  after  rocket  burn 

I 

Impact 

1 

initial 

IL 

Impact  limiter 

P 

propellant 

V 

parachute 

PL 

payload 

It 

residual 

BS 

retro  system 

s' 

entry  shell  structure 

3 
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SLS  soft  landing  system 

T total 

t terminal 

GUIDELINES 

The  following  Is  a list  of  basic  system  ground  rules  and  constraints 
that  were  used  throughout  the  study. 

A-  Booster  - Saturn  V 

1.  Geometric  constraints  placed  on  the  capsule  by  the  shroud  and 
spacecraft  are  shown  In  figure  1. 

2.  The  payload  capability  of  the  Saturn  V is  shown  In  figure  2. 

B.  Atmospheric  Models 

1.  The  model  atmospheres  considered  are  given  In  figure  3* 

2.  Hypothesized  atmospheres  having  surface  atmospheric  densities 
less  than  5 ah  are  ass\»ed  identical  to  the  VM-8  atmosphere 
except  for  pressure  end  density. 

C.  Capsule  Aerodynamic  Shape 

1.  Configuration  shall  be  60°  half  angle  blunt  rone. 

2.  brag  coefficient  - 1.5 
0.  Capsule  Separation 

1.  Capsule  Is  separated  from  the  spacecraft  while  In  orbit  about 

Mara. 

2*  Capsule  has  active  control  system  to  attain  and  bold  thrust 
vector  control  angle  for  de-orblt  thrust  and  to  control  angle 
of  attack  (ag  * 0)  during  entry* 


k 


E.  Spacecraft  Orbit 

X.  Only  restrained  to  orbits  which  will  allow  the  following: 

a.  Capsule  deorbit  velocity  Increment  * lU0O  f t/aec . 

b.  Capaule  entry  angle  * -15° * 

c.  Capaule  entry  velocity  In  the  IP, 000  to  16,000  ft/sec  range. 

d.  Spacecraft  to  aerve  as  a communications  relay. 

STUDY  RESULTS 

Ruse  I - Trajectory  Analyses 

The  entry  trajectories  were  obtained  by  the  use  of  the  Imngley  Research 
Center's  Analysis  and  Computation  Division's  Program  Ho.  783.  This  program 
computes  the  point  mass  trajectory  of  a capsule  entering  the  atmosphere 
of  a spherical  non-rotating  planet. 

Capsule  trajectories.-  Values  of  the  trajectory  parameters  (altitude, 
waloclty,  time,  deceleration,  heating,  and  flight  path  angle)  were  obtained 
tor  the  following  input  combinations  In  the  VM-3  and  VM-S  atmospheres. 

m/CpA  - 0.15  to  0.30 

7t  • -J0°  to  -20° 

Pg  « 12,000  to  16,000  ft/sec 

and 

m/Cp*  « 0.32  to  0.75 
* - -15° 

Vg  » 12,000  to  16,000  ft/ sec 

Plots  of  tbs  trajectory  data  are  Included  ee  figures  k9  5,  end  6. 

The  representative  parameters  presented  here  ■ • 12,000  it/eee  , ?E  - -15°, 

•ad  Hl-8)  «r«  Um  asstaad  critical  d«sl(R  conditions  for  tb«  entry  phass. 
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The  following  result*  are  of  interest  on  these  plots.  From  figure  4, 
two  points  can  be  made: 

1-  For  capsules  with  m/CjjA's  (0.25,  aerodynamic  braking  has  reduced  the 
capsule's  velocity  to  about  its  terminal  value;  thus,  deceleration  has  been 
accomplished  with  maximum  efficiency.  For  m/C^l's^  0.35,  the  trajectories 
•how  that  the  capsule  have  not  reached  constant  velocity  and  are  still 
being  decelerated  at  impact;  i.e.,  the  ’^-8  atmosphere  is  too  thin  to 
decelerate  efficiently  the  heavier  capsul.a,  therefore,  an  additional 
deederator  system  (more  weight)  must  be  employed  to  take  out  this  velocity 
increment  above  terminal. 

2.  A capsule  with  a m/CpA  « 0.25  reaches  a condition  of  Mach  1.0  at 
an  altitude  of  15,000  feet.  This  altitude  la  euiiiCient  to  allow  deployment 
of  a transonic  parachute  prior  to  landing.  Conversely,  capsules  with  m/C^A's 
greater  than  0.25  will  require  some  type  of  super sonic  deceleratov 

Figure  5 gives  data  on  the  capsule's  flight  path  angle  which  la 
pert  *nent  to  the  landing  problem.  As  is  obvious,  the  landing  problem  is 
simplified  with  near  vertical  descent  of  the  capsule  since  both  the  retro 
firing  angle  and  the  look  angles  of  the  alcitule  measuring  radar  would  not  be 
changing  rapidly  with  descent  altitude.  The  primary  conclusion  to  be 
drawn  from  these  data  la  that  for  even  a capsule  with  a m/CpA  of  0.25  the 
flight  path  angle  Is  a relatively  shallow  -U50  ut  ar  altitude  of  12,000  feet. 

The  deceleration-altitude  history  Is  given  on  figure  6.  The  interesting 
points  presented  here  are  that  the  deceleration  1-  relatively  1 ienaltlve  to 
m/CpA  variations  and  that  the  "g”  level  Is  low  which  Indicates  that  capaule 
deslgr  may  be  restrained  by  minimum  gaga  considerations  unJsr  some  conditions. 
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Trajectories  of  capsules  supplemented  by  supersonic  decelerator Two 
different  types  of  super aonic  ueceTerators  were  considered:  (l)  expandable 

afterbody  type  of  high  Mach  number  deployment  (M  <^3.0)  and  (2)  supersonic 
parachute  for  deployment  under  Mach  3,0. 

a.  Expandable  afterbody 

Since  this  type  of  decelerator  sould  be  compatible  with  the  higher 
velocity  deployments,  i.e.,  heavier  capsules,  the  parametric  analysis  was 
used  to  investigate  capsules  having  a wide  range  of  ballistic  coefficients 
(0.32  to  0.75)*  A computer  Iteration  procedure  was  used  to  determine  the 
decelerator  drag  necessary  to  slow  the  capsulm  tm  Mach  1.0  at  15,000  feet  for 
a variety  of  initial  conditions. 

V£  «=  12,000  to  16,000  ft/sec  J 

7g  * -10°,  -15°,  -20°  > Parametric  Range 

VM-8  atmosphere  J 

Figure  7 summarizes  the  decelerator  drag -deployment  mach  number 
relationship  throughout  the  m/Cj^  : ange  for  the  most  critical  entry 
envl,  >rment . The  important  items  to  note  from  this  figure  are  that 
decelerator  site  requirements  increase  very  rapidly  with  capsule  m/C^A  and 
that  deployment  mach  number  also  Increases  with  capsule  m/CpA.  For  example, 
a capsule  with  an  m/CpA  = 0.75  would  require  a supersonic  decelerator  ten 
times  the  site  required  by  a capsule  with  m/CpA  « 0-32. 

b.  Supersonic  parachute 

This  study  was  restricted  to  ballistic  coefficients  0.30  to  0.50  in 
o«'der  to  be  compstible  with  depl.  ymert  in  the  low  supersonic  range.  A 
parametric  study  was  made  of  different  size  parachutes  deployed  at  various 
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mach  mabers  to  obtain  the  mach  number -parachute  size  relationships  which 
result  In  satisfactory  conditions  for  utilization  of  a terminal  landing  system. 

M « 1.0  to  2.5 

ftu-achute  m/CiA  ^ 0.02  to  0.08  Parametric  Range 

VN-8  atmosphere 

Figure  8 shows  how  the  parachute  size -deployment  Mach  mnber  relationship 
varies  with  entry  capsule  ■ /CpA  in  order  to  obtain  a terminal  vertical  descent 
velocity  less  than  300  ft/sec  and  a flight  path  angle  steeper  than  *75°  at  an 
elevation  of  10,000  feet  above  the  surface  of  Mars.  These  velocity,  flight 
path  angle,  and  altitude  restraints  were  selected  in  order  to  assure 
compatibility  with  the  Surveyor  soft  landing  system.  Three  items  of  Interest 
are  evident  from  the  data  plotted  in  figure  8.  An  extremely  large  (120 -foot 
diameter)  parachute,  deployed  at  Mach  2.35,  is  required  to  decelerate  an 
VCd*  - 0 .50  capsule.  An  81* -foot  chute,  deployed  at  Mach  1.75  would  suffice 
for  m/cpA’s  up  to  O.35  while  a smaller  parachute,  6k -foot  diameter,  would  meet 
the  requirements  for  an  m/CpA  *0.35  capsule  if  deployed  at  Mach  2.5. 

Phase  II  - Parametric  Weights  of  Subsystems 

Parametric  weights  of  subsystems  can  be  divided  into  two  areas:  area 

Mo*  1 is  concerned  with  thos  subsystems  weights  relating  to  the  delivery 
system  (aeroshell,  deorbit  motor,  etc.)  and  area  Wo-  2 relates  to  the 
subsystem  weights  of  the  landing  system  (impact  attenuation,  accelerators, 
etc.).  Further,  it  is  helpful  to  separate  the  analysis  of  the  problem 
Into  the  two  phases  of  delivery  and  landlt^.  Fbr  purposes  of  analysis,  the 
objective  of  the  delivery  system  will  be  to  deliver  the  contents  of  the 
ompsule  (its  "residual"  weight),  to  a condition  of  Mach  1.0,  at  an  altitude 


of  15,000  feet  above  the  Martian  surface;  at  this  point,  the  landing 
system  takes  over. 

Delivery  system.-  There  is  a delivered  residual  weight  associated  with 
each  size  and  weight  capsule  launched  and  our  objective  is  to  define  the 
capsule  which  maximizes  this  residual  weight.  This  study  is  constrained, 
by  the  shroud,  to  capsules  less  than  20  feet  in  diameter,  and  by  launch 
vehicle  capability,  to  capsules  less  them  12,000  pounds.  As  the  first  step, 
this  delivery  mode  is  divided  into  two  phases:  Part  I from  orbit  to  entry 

and  Part  II  from  entry  to  an  altitude  of  15,000  feet.  Weights  of  the 
appropriate  subsystems  are  found  as  in  the  following  manner: 

The  weight  breakdown  contained  in  AVCO's  final  report  is  used  as  a basis 
of  scaling  and  is  reproduced  in  this  report  as  figure  9-  Ihe  items  listed 
below  are  subjected  to  scaling  as  detailed  below  in  order  to  obtain 
parametric  data  for  a variety  of  capsule  sizes. 

1.  Sterilization  canister  lid  and  base  - This  was  assumed  to  be  a 

, 2 
constant  unit  weight  structure  and  was  scaled  as  an  area  ratio  or  D . 

2.  Pressurization  gas  and  valving  - Since  this  gas  is  used  solely  to 
maintain  a small  positive  pressure  within  the  canister  and  its 
required  volume  is  more  a function  of  leakage  than  capsule  size, 
this  item  was  considered  to  be  a constant. 

3-  Adapter  and  hardware  items  - These  were  scaled  as  functions  of 
capsule  weight  since  they  will  be  sized  by  load  criteria. 

U.  Deorbit  propulsion  system  - the  assumption  of  this  study  was  that 
deorblt  velocity  change  is  equal  to  a constant.  Thus,  propellant 
system  weight  can  be  considered  proportional  to  the  force  associated 
with  the  mass  undergoing  velocity  change.  Scale  according  to  capsule 
weight. 
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5-  Control  gas  system  - Weights  of  the  components  for  controls  are 
considered  proportional  to  the  Inertia  of  the  capsule  (Wl£)  and 
inversely  proportional  to  the  moment  arm  between  tne  nozzles  (D). 
Thus,  scaling  factor  is  WD. 

6,  Entry  shell  heat  shield  - For  environmental  loads  considered  In  this 
report,  AVCO  found  that  the  ablation  weight  is  relatively 
insensitive  to  m/C^A  (pg.  lUo,  Vol.  Ill,  Bk.  1,  Ref.  l).  Ablation 
weight  will  be  scaled  according  to  surface  area,  D2. 

7-  Entry  shell  structure  - Minimum  gage  considerations  vitiates  any 
direct  scaling  procedure.  Figure  10  is  a plot  of  the  parametric 
structural  weights  obtained  from  AVCO’s  machine  program. 

Expressing  the  stagnation  pressure  as  a function  of  m/C^A  and  entry 
conditions,  the  following  equation  can  be  derived: 

ws  * 120  + i (“/CdaXd-io)) 

8.  Thermal  control  * To  be  conservative  in  this  report  and  with  the 
lack  of  any  clear-cut  scaling  criteria,  this  weight  is  scaled  by 
volune  (D^)  relationship  assuming  interior  of  the  capsule  must  be 
kept  at  a specified  temperature. 

By  using  these  scaling  lava,  the  capsule's  entry  weight  is  calculated 
&s  a function  of  its  allocated  launch  weight  and  diameter.  This  Is  carried 
out  by  noting  from  figure  9 those  elements  compr  the  difference  between 

allocated  weight  and  entry  weight,  and  subtracts  rlr  scaled  weight  from 
the  allocated  weight.  This  entry  weight  can  be  expressed  as  follows: 

W,  - Wc  - 1.28D?  - 0.185  Vq  - 0.00042WcD-21 
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This  equation  is  plotted  as  figure  11  and  the  capsule's  ballistic 
nunber  can  be  found  from  figure  12  for  the  entry  weight  and  diameter  under 
consideration. 

From  the  capsule's  entry  weight,  the  capsule's  residual  weight  can 
be  calculated  in  like  manner  from  the  scaling  relationships.  The  residual 
weight  can  be  expressed  as  follows: 

Hr  » w^-iacf^  * ^)<d-io) 

This  equation  is  plotted  as  figure  13-  The  results  shown  on  this 
figure  assume  that  the  Martian  atmosphere  is  sufficiently  dense  to  slow  the 
capsule  to  a Mach  1.0  condition  at  15,000  feet  altitude  by  aerodynamic  braking 
on  the  capsule.  Should  this  not  be  the  case,  the  weight  of  the  required 
supersonic  decelerator  to  accomplish  this  deceleration  must  be  subtracted 
from  the  residual  weight. 

L&ndlPe,  system. » Once  the  residual  weight  has  been  delivered  to  the 
satisfactory  conditions  for  initiation  of  the  terminal  landing  system,  it 
becomes  essential  to  identify  the  landing  mode  in  order  that  the  residual 
weight  can  he  divided  into  landing  subsystems  and  payload.  Unlike  the  delivery 
system  weight  investigation,  these  landing  system  weights  are  strictly 
dependent  upon  the  landing  mode. 

The  first  item  of  interebt,  therefore,  is  the  identification  of  this 
landing  mode.  Two  basic  landing  modes  vers  considered:  l)  Hard  landing  a 

payload  (surrounded  by  impact  attenuation)  with  a parachute,  and  2)  Soft 
landing  the  payload  in  a Surveyor-like  manner. 


"I  2d3  wed  we 

J 225  ” 333  25 
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Many  parameters  were  of  concern  In  deciding  between  these  two  inodes. 

In  addition  to  weight,  consideration  was  given  to  topographical  effects, 
deployment  of  experiments,  reliability,  and  growth.  Figure  ih  shows  that 
either  mode  will  land  approximately  the  same  payload  fraction;  this  is  because 
the  hypothesized  high  wind  velocity  causes  a high  impact  velocity  for  the 
parachute  borne  payload  so  that  the  weight  of  required  Impact  attenuator  is 
of  the  same  order  as  the  equipment  and  propellant  required  to  effect  a soft 
landing.  The  topography  may  determine  which  concept,  ball  or  legs,  is 
preferable.  Legs  offer  stability  on  level  ground  under  wind  load  but 
conceivably  would  not  be  satisfactory  if  the  surface  had  sharp  discontinuities. 
Deploying  instruments  through  thick  impact  attenuation  material  presents 
difficult  problems;  in  addition,  there  is  the  possibility  that  the  impact 
attenuator  will  be  scattered  in  the  test  area  at  impact  thus  effecting  the 
purity  of  the  testing.  The  Surveyor  system  has  proved  its  reliability  by 
landing  an  operating  payload  on  the  moon,  while  the  engineering  problems 
associated  with  the  ball  concept  have  yet  to  be  thoroughly  studies.  In  the 
final  comparison  area,  it  is  felt  that  the  soft  landing  concept  is  more 
compatible  with  growth  considerations  since  manned  soft  landings  will  be  an 
eventuality. 

The  soft  landing  concept  was  selected  as  the  preferred  landing  mode 
as  a result  of  the  above  evaluations.'  In  addition,  it  is  noted  that  a 
legged  vehicle  could  be  used  to  drop  an  instrumented  ball  should 
topography  indicate  that  a spherical  payload  be  advantageous. 

Following  selection  of  the  basic  landing  mode,  it  is  now  possible  to 
Identify  the  candidate  landing  subsystems  and  to  obtain  approximate 
parametric  formulae*  for  the  weight  of  each.  This  will  allow  the  calculation 
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of  the  landing  system  weight  for  various  ml salons  (capsule  allocated  weights) 
and  determination  of  the  optimum  combination  of  candidate  landing  subsystems. 

Transonic  parachute.-  The  size  of  the  parachute  is  determined  by  the 
terminal  conditions  desired.  Its  terminal  velocity-size  relation  is  given  by: 
CuqA  =^WS 
CD  pZi_  A = ws 
or  A = 

CD  pVt* 

Since  deployments  will  take  place  at  very  low  dynamic  pressures,  it  is 
anticipated  that  deployment  loads  (with  reefing,  if  required)  will  be 
sufficiently  low  to  allow  use  of  a minimum  gage  structure.  Thus,  the 
parachute  weight  will  be  proportional  to  its  size. 

wp  , L , where  K represents  the  constant  factors 


Using  the  AVLO  calculations  where  it  was  found  that  the  parachute  would 
weigh  70  pounds  for  a suspended  weight  of  1025  pounds  and  a terminal  velocity 
of  128  ft/sec,  the  value  of  K is  found  to  be  1120.  Unis,  the  parachute  weight 
can  be  expressed  as 

O 1120  WS 

wp‘~V^ 


Impact  attenuation.-  Considerable  work  has  been  done  by  AVCO  and  others 
in  determining  the  payload  fractions  associated  with  balsa  wood  impact 
limiters.  The  payload  fraction  is  defined  as  the  ratio  of  the  weight  of  the 
payload  (Wp^)  to  the  combined  weight  (WT)  of  the  payload  and  the  impact 
limiter  (WIL).  Balsa  wood  Is  being  taken  as  reference  because  of  its  high 
energy  absorption  to  unit  weight  ratio  over  a vide  range  of  impact  velocities. 

The  ratio  between  gross  payload  fraction  and  Impact  velocity  (V^) 
is  given  in  figure  15,  as  reported  in  reference  2.  For  making  comparison 
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evaluations,  the  following  simplified  linear  equation  viJl  he  used  for  the 
weight  of  the  impact  limiter: 


Retro  system. - The  ratio  of  initial  weight  (v^)  to  the  final  burned-out 
weight  (Wf)  can  be  obtained  readily  frem  the  following  formula  and  is 
dependent  upon  the  specific  impulse  and  the  velocity  increment: 

AV.  Isp  g In  id 
Wf 

this  reduces  to 

* e -£¥ , where  I__  ■ 270  for- solid  propellant 

Wf  9000  sp 

L, 

Wi-Wp  9000 

-AV 

Wp  . Wf  (l-e  9000) 

How  to  this  propellant  weight,  it  is  necessary  to  add  20  percent  to 

account  for  the  auxiliary  rocket  hardware.  Thus 
-AV 

- 1.2  WA  (l-e  5555  ) 

Inflatable  supersonic  decelerator . - Preliminary  weight  estimates  were 
made  for  attached  Inflatable  afterbodies  required  to  decelerate  various 
site  and  weight  capsules  to  a condition  of  Mach  1.0  at  15,000  feet  above  the 
Martian  surface.  These  estimates  were  based  on  ln-house  analyses 
attuning  an  inflatable  torus  at  the  base  of  the  cone  with  fabric  In  tension 
between  the  aeroshell  and  the  torus.  These  weight  estimates  are  given  in 
figure  l6.  Since  these  weights  were  calculated  for  a static  condition  to 
prevent  buckling  of  the  torus,  a factor  of  at  least  20  percent  should  be 
added  to  account  for  dynamic  effects. 

Soft  landing  system  (Surveyor  type).-  Surveyor  soft-landed  on  the  moon 
with  the  aid  of  a radar  altimeter  and  doppler  velocity  aensor  (RADVS). 
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The  terminal  descent  mode  of  the  landing  on  the  moom  is  given  on  figure  17; 

It  should  be  noted  that  the  vernier  retro  system  takeover  occurs  at  a velocity 
of  350  ft/sec  and  an  altitude  of  25 >000  feet.  Hughes  Aircraft  Company  made 
a preliminary  study  to  define  the  modi  ficatior.s  require  ’ car-*  4 he  system 
applicable  to  a Mars  landing.  The  recommended  Mart  ’**ajo''*ory  conditions 
are  indicated  in  figure  l8;  the  corresponding  conditions  for  the  vernier 
retro  system  takeover  are  a velocity  of  400  ft/sec  and  an  altitude  of 
10,000  feet.  The  primary  difference  in  the  concepts  is  that  for  a moon 
landing  the  primary  deceleration  is  by  a main  retro  burn  while  at  Mars  the 
deceleration  is  caused  by  aerodynamic  braking. 

It  remains  now  to  define  the  subsystem  weight  of  the  landing  system  so 
that  the  net  residual  weight  available  for  payload  can  be  determined.  The 
subsystems  can  be  placed  into  two  categories— fixed  weight  item*  and  items 
whose  weight  will  vary  with  magnitude  of  the  lander.  As  a result  of 
discussion  with  representatives  of  Hughes  Aircraft  and  JPL,  together  with 
In-house  estimates,  the  following  weight  estimate  was  derived: 


.Fixed  Weight  Items: 

840 

Structure 

300 

Flight  Control  (RADVS) 

75 

Coexaun.  and  Power 

120 

Cabling,  Thermal  Control 

100 

Propulsion  System 

Variable  Weight  Item: 

-AV 

(!••  5o5o) 

Propellant 

! 

i 

i »> 
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Figure  19  shows  a residual  wight  comparison  between  two  i9~foot  diar..et»r 
entry  capsules.  The  dashed  curves  ere  for  a cepsule  of  '*3tO  pounds  entry 
•wight  (maximum  allowable  for  each  o**  two  equal-weight  capsules  in  a Saturn  V 
booster)  and  a ballistic  number  (m/CjyO  of  0 . j2.  The  solid  curves  are  for  a 
capsule  of  3^00  pounds  entry  weight  ^ l a ballistic  number  of  0.25  (the 
largest  m/CpA.  which  will  permit  deceleration  to  Mach  number  1.0  at  15,000  feet 
from  capsule  aerodynamic  braMng  in  VM-8  atoospuere  with  Vg  * 12,000  ft/aec 
and  ^ , -15°). 

The  0.25  m/C^A  curve  represents  a system  designed  to  enter  a 5 millibar 
pressure  atmosphere  and  the  associated  delivery  system  (Wj)  - 1600  pounds) 
la  designed  for  trie  conditions  encountered  in  thia  atmosphere.  Its  weight, 
therefore,  is  lixed.  If  the  atmosphere  is  found  to  be  greater  than  5 ®b, 
which  would  allow  more  entry  weight  'greater  Wg  and  higher  m/Cj^),  the 
delivery  system  would  be  unable  to  accomodate  it  from  a structural  standpoint. 
Consequently,  1000  pounds  of  residual  weight  (Wp)  la  the  maximum  which  can  be 
accomodated  with  the  ?600  pound  basic  delivery  system.  The  straight  sloping 
line  shows  the  residual  weight  capability  for  atmospheres  of  less  than  5 ®b. 
For  example,  at  4 mb  the  WR  * 1120  pounds.  If  an  additional  decelerator 
system  is  used  to  decelerate  the  capsule  to  Mach  1.0  at  15,000  feet  in  a 4 mb 
atmosphere,  the  residual  weight  Is  1700  pounds  as  read  on  the  curve  arcing 
down  to  the  left.  This  curve  shows  the  added  residual  weight  which  can  be 
obtained  in  low  pressure  atmospheres  by  the  addition  of  a supersonic 
decelerator . 

Using  the  maxlmtm  capability  of  the  8aturn  V booster,  a system  can  be 
designed  which  would  provide  U360  pounds  of  entry  weight  (shown  on  the 
* 0.32  curve).  The  delivery  system  weight  for  thia  case  would  be 
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Thus,  the  following  equation  Kill  he  used  for  the  weight  of  the  soft 
lander  bus: 

-AV 

VSL3  = 8^0  + U±  (1-e  ^W) 

Phaae  III  - System  Synthesis 

Again,  the  device  will  be  used  of  dividing  the  capsule  into  two  systems: 
a delivery  system  and  a landing  system.  Ihe  objectives  will  he  to  determine 
an  optimum  aeroshell  for  delivering  the  payload  and  to  define  the  method  of 
•oft  landing  the  payload  on  the  surface  of  Mars. 

Delivery  system-*  While  It  is  Important  to  obtain  maximua  utilization 
of  the  Saturn  V booster  capability  in  delivering  an  instrumented  payload  to 
Mara,  prime  consideration  must  be  given  to  the  sizing  of  a capsule  which 
results  in  delivering  the  maxima  residual  weight  to  the  terminal  landing 
conditions.  It  is,  therefore,  necessary  to  select  a capsule  with  the  optimum 
ballistic  msnber  (m/CpA)  that  will  permit  deceleration  to  the  desired  terminal 
altitude-Mach  number  conditions,  for  the  probable  range  of  atmospheric  pressure, 
without  incurring  an  unacceptable  delivery  weight  penalty  for  the  instrimented 
payload.  Residual  weight,  as  used  herein,  is  defined  as  follows:  "The  weight 

residing  in  the  aeroshell  (Wg-Vp)  which  is  delivered  to  an  altitude  of  15,000 
feet  above  the  surface  of  Mars  at  velocity  equal  to  M^ch  1.0. " 

Ibis  study  provides  comparison  of  residual  weights  achievable  with  a 
variety  of  capsules,  varying  from  the  heaviest  capsule  or  dual  capsules  which 
can  be  accomodated  by  the  Saturn  V to  alnlmus  capsules  of  the  Apollo  and 
Mercury  size.  Parametric  weight  equations  derived  in  the  preceding  section  B 
were  used  to  determine  the  capsule  weight  allocations,  entry  weights,  and 
residual  weights. 
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1800  pounds  and  would  carry  2$6o  pounds  of  residual  payload  for  an  atmospheric 
pressure  of  6.i*  mb  or  greater-  For  lower  pressure  atmospheres,  the  arcing 
line  shows  the  residual  weight  capability  vith  a supersonic  decelerator 
system  and  the  straight  sloping  line  snows  the  residual  weight  capability  of 
the  delivery  system  without  a supersonic  decelerator. 

It  is  easily  shown,  by  observing  the  two  straight  sloping  lines,  that  if 
s delivery  systca  is  designed  for  jaxiaiM  booster  capability  without  a 
supersonic  decelerator  aid  and  the  atmospheric  pressure  turns  out  to  be  less 
than  5-3  mb,  a weight  penalty  exists.  Ibis  penalty  is  2CQ  pounds  from  5 mb 
down. 

Figure  20  makes  the  same  comparison  as  shown  1'  *lgure  19  except  that  the 
capsules  are  1 3 . U5- feet  In  diameter;  an  area  factor  of  l/2  for  comparison  with 
the  19-foot  diameter.  For  this  capsule  sixe,  the  weight  penalty  for  using 
the  maxiaim  booster  capability  without  & jupersonlc  decelerator  aid  occurs  at 
pressures  below  6.05  mb  and  amounts  to  360  pounds  at  ell  pressures  below  5 mb. 

It  is  obvious  from  Figure  19  and  20  that  if  a capsule  of  maxlmua 
capability  is  used,  the  19-foot  diameter  design  is  advantageous  for  all 
pressures  below  10. 7 mb.  It  can  also  be  seen  that  the  19-foot  capsule 
provides  greater  capability  for  the  case  where  m/Ctfi  * 0.25* 

Vlth  only  a 200  pound  penalty  for  the  maxlmui  capability  system  and  the 
potential  for  much  greater  residual  weights  at  pressures  above  5*3  • 

19-foot  diameter  capeule  designed  for  loads  compatible  with  a ballistic  n unbar 
of  O.32  presents  advantages  which  make  It  attractive  as  an  entry  capeule 
configuration. 

An  additional  cc  Carlson  can  be  made  of  the  residual  weights  available 
from  one  capsule  and  from  two  capsule  systems.  It  lo  apparent  from  figure  21 
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that  two  6000-pounrt  capsules  will  deliver  more  residual  weight  than  a single 
12,000* pound  capsule  for  the  anticlpateo  atmospheric  pressure  range.  At 
pressures  above  11. 5 mb  the  one  capsule  concept  becomes  preferable  from  the 
residual  weight  standpoint.  Since  it  is  unlikely  that  the  atmospheric  surface 
pressure  will  exceed  10  mb,  the  sole  advantage  of  utilizing  a single  12,000 
capsule  would  be  to  deliver,  in  a single  yackage,  a residual  weight  greater 
than  2500  pounds  (Halted  to  a max  lam  of  3^00 -pounds  in  4 5 mb  atmosphere) . 

On  the  bails  of  the  above,  the  following  selection  Is  made:  use  the 

largest  size  capeule  (19-foot  disaster)  and  the  dual  capsule  system.  This 
•election  offers  many  advantages. 

Ike  19-foot  diameter  capsule  will  allow: 

a.  Parachute  deployment  at  Mach  1.2  In  the  early  mission  because 
aerodynamic  braking  will  reduce  velocity  sufficiently. 

b.  A co»od  aero  she  11  for  all  missions  since  it  minimizes  the  ■/V 

range  maong  missions. 

e.  Parachute  deployment  at  less  than  Mach  2.0  In  the  later  heavier 
capable  missions. 

d.  A common  delivery  mode  of  aoroshell  and  parachute  to  deliver  payload 
to  terminal  conditions  for  the  landing  system. 

The  dual  capsule  system  will  allow: 

a-  Delivery  of  more  payload  weight. 

b.  More  flexibility  In  site  and  science  experiment  selection. 

C*  Jtodvndancy . 

d.  Use  of  low  supersonic  (feeh  2.0)  dec el era tors  (one  capeule  concept 
would  require  approximately  Mach  9*0  accelerators). 
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leading  ay  stem.-  In  a previous  section,  It  was  determined  that  a soft 
landing  controlled  retro  mode  vas  superior  to  hard  landing  a payload 
suspended  from  a parachute.  The  problem  is  now  redu-' id  to  determining  the 
best  means  of  conveying  the  landing  payload  from  -ne  Impact  trajectory  of  the 
basic  m/CpA  capsule  to  this  soft  landing  condition.  The  alternate 

means  of  retro  deceleration  end  aerodynamic  braking  to  effect  this  transfer 
are  Indicated  on  figure  1 8;  vhlle  i tvo-burn  retro  system  is  indicated,  a one 
burn  system  coul^  be  utilised  If  it  vere  highly  throttleable.  It  Is 
emphasised  that  the  transfer  points  among  deceleration  modes  can  be  moved 
f*cm  the  locations  indicated  If  trade-off  studies  show  better  efficiency 
can  be  obtained.  However,  such  an  ln-dopth  trade  off  study  is  beyond  the 
•cope  of  this  report  and  the  location  of  the  deceleration  Interfaces  as  shown 
lr  Figure  id  will  be  assiaed  valid  for  purposes  of  comparison. 

The  following  landing  systems  were  considered  and  comparisons  made  on 
the  basis  of  the  m/CpA  ■ 0. V capsule. 

a.  Aeroshell,  retro,  RAD VS  - In  this  mode,  after  the  aeroshell 

decelerates  the  capsule  to  1100  feet/second  at  an  altitude  of  approxlMtely 
19,000  feet,  a retro  system  Is  Initiated  vfclch  decelerates  the  capsule  (by 
razing  through  openings  in  the  aeroshell)  to  a velocity  of  about  **00  feet/ 
second).  RAD  VS  takes  over  at  this  point  and  lands  the  capsule.  Two  alternate 
landing  modes  are  possible:  l)  land  the  aeroshell  on  Its  apex  at  a low 

velocity  so  that  minimis  Impact  attenuation  Is  required  for  the  payload  or 

2)  retro-separate  the  aeroshell  near  the  surface  and  '.and  with  legs. 

Principal  characteristics  of  the  system  are  Illustrated  on  figure  22. 

b.  Aeroshell,  parachute,  RAWS  - This  mode  (figure  23)  Is  Identical 
through  the  braking  phase  provided  by  the  aeroshell.  At  approximately  19,000 
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feet  a parachute  i 0 deployed  (Mach  1.6)  and  the  aeroshell  jettisoned.  The 
payload  is  decelerated  to  300  feet/ second  and  its  flight  path  angle  increased 
to  near  vertical  (-75°)  aa  it  descends  by  parachute  to  the  10, OCX)  foot 
elevation.  At  this  elevation,  the  parachute  is  released  and  the  payload 
descends  under  controlled  retro  fire.  In  addition  to  soft  landing,  this  mode 
offers  the  additional  advantages  of  l)  long  stay  time  In  atmosphere  for 
atmospheric  experiments  without  spewing  rocket  exhaust  which  could  affect  data 
measurements,  2)  being  adaptable  to  release  of  instrumented  spherical  ball 
shortly  before  Impact  since  payload  could  be  supported  in  an  open  framework, 
and  3)  a parachute  operation  which  is  practically  Independent  of  atmosphere 
as  it  will  reach  a satisfactory  terminal  velocity  at  the  desired  altitude 
for  RADVS  operation. 

The  efficiency  of  the  two  systems  were  investigated  by  making  weight 
estimates  of  the  operational  payloads  the  systems  could  land.  The  results 
are  e\amarized  below: 


Aeroshell- 

Aerosehll- 

Retro- 

Farachute- 

RADVS 

RABVS 

Capsule  Weight 

6000  lbs 

6000  lbs 

Separated  before  entry 

-l64o 

-1640 

Entry  weight 

4360 

Separated  at  19 >000  ft 

0 

-1800 

1*350 

2555 

Expended  by  10,000  ft 

100 

pl*6o 

Soft  Landltig  System 

1530 

1040 

2830 

l¥5o 

Aeroshell 

1800 

Fayload 

IO3O 

1420 

Because  of  the  parachute  mode1 

’s  greater  efficiency, 

its  flexibility  to 

adjust  to  varying  atmospheres  and  payloads,  and  its  state-of-the-art 
technology  (the  performance  of  retro-propulsion  cys  terns  in  thr  presence  of 
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payloads  are  considered  to  be  of  tvo  types:  those  suitable  for  early  missions 

(1973 , 1975)  where  emphasis  will  be  on  atmospheric  properties  and  gross 
surface  characteristics,  and  those  payloads  for  later  missions  (1977,  1979) 
where  the  objective  is  primarily  biological. 

Figure  25,  "ftrobe,"  and  26, "Probe/ Lander,"  represent  the  early  mission 
payloads.  The  ft-obe  mission  is,  in  essence,  the  mission  studies  by  AVCO 
(reference  l)  which  was  a non-survivable  atmospheric  probe  with  descent  TV. 

The  ftrobe/ Lander  is  a duplicate  of  the  Probe  with  the  addition  of  a 
survivable  210  pound  ball  to  obtain  some  surface  data.  It  is  felt  that  either 
of  these  missions  can  be  carried  out  in  1973*  The  choice  will  depend  on  the 
economics  involved  and  on  the  feasibility  of  developing  a worthwhile  scientific 
surface  packeve  within  the  weight  limitation.  Figures  27,  "Semi-soft  Lander," 
and  28,  "Advanced  Lander,"  represent  the  later  mission  payloads  where 
experiments  performed  on  the  surface  take  precedence.  The  overall  weight  is 
restrained  by  the  launch  vehicle's  capability  but  it  Is  evident  that  the  net 
weight  deliverable  to  the  surface,  for  either  mode,  is  sufficient  for  an 
Automated  Biological  laboratory;  the  Philco  study  (reference  3)  indicates 
that  1200  pounds  of  payload  is  required  for  the  ABL.  The  choice  between 
Landers  in  this  category  will  depend  upon  the  topography.  The  TV  system  in 
early  missions  is  planned  so  as  to  furnish  the  necessary  data  to  guide 
election  of  the  landing  mode:  omnidirectional  or  legged. 

It  should  be  noted  that  these  four  payloads  use  the  same  delivery 
system  (aeroshell)  and  landing  system  ( parachute-retro ) ; further,  ea.~h  is 
designed  to  be  mounted  inside  the  aeroshell.  In  addition,  the  concept  makes 
possible  a clean  Interface  between  the  scientific  payload  and  the  landing 
system  for  ease  in  Integration. 
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an  oncoming  supersonic  flow  and  the  logic  to  control  the  retro  fire  so  as  to 
perform  the  mission  requirements  in  an  unkno  n atmosphere  are  regarded  as  more 
difficult  pioblems),  the  aeroshe 11 -parachute -RADV5  system  is  selected  as  the 
preferred  mode . 


Phase  IV  - Conceptual  Design 

In  addition  to  presenting  concepts  for  the  various  facets  of  the  problem 
such  as  mission  mode,  capsule  definition  and  candidate  payloads,  it  is  an 
objective  of  this  phase  to  indicate  how  these  various  items  integrate  to  form 
a unified  system. 

As  defined  in  the  preceding  sections,  the  selected  mission  mode  uses  the 
maximum  diameter  aeroshell  to  make  optimum  use  of  the  capsule’s  aerodynamic 
braking.  The  capsule's  braking  allows  the  deployment  of  a parachute  (at  a 
maximun  mach  manber  of  1.6  for  the  heavier  dual  capsule  concept)  which 
accomplishes  two  objectives;  It  decelerates  the  payload  and  separates  the 
payload  from  the  aeroshell. 

The  large  diameter  of  the  capsule  is  in  keeping  with  the  concept  of 
growth.  The  same  aeroshell  structure  can  be  used  for  the  early  and  the 
subsequent  Voyager  missions  with  a small  weight  penalty.  In  addition,  the 
capsule* s site  allows  the  capsule  to  house  a variety  of  payloads  from 
early  mission  probes  to  late  mission  landers  with  a minim*  of  Interface 
problems.  Ibis  capability  of  the  capsule  is  Illustrated  in  figures  2k 
through  28.  Figure  2k  presents  a simplified  drawing  of  the  capsule's 
delivery  system  and  indicated  the  volume  available  for  transporting  s 
psyload;  the  weight  of  this  delivery  system  is  noted  so  that  complete 
systems  for  various  candidate  payloads  can  be  determined.  The  candidate 
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Advanced -Lander:  This  mission  is  the  same  as  the  above  mission  exept 

the  lander  bus  is  landed  in  the  Surveyor  manner  on  legs  with 
the  ABL  mounted  on  the  lander.  It  is  necessary  that  sufficient 
topographical  data,  either  from  TV  and/or  from  the  engineering 
landing  experiment  on  a previous  mission,  be  obtained  prior  to 
using  this  mode. 


SIM4ARY 

The  following  items  represent  the  main  findings  of  this  study: 

1*  Selection  of  the  two  6000-pound  capsule  systems,  rather  than  one 
12, 000- capsule  system,  because  it  lands  greater  total  weight  and  affords  more 
flexibility  for  landing  sites  and  redundancy. 

2.  Selection  of  a 19-foot  diameter  capsule,  maximum  diameter  compatible 
with  shroud  restraint,  because  it  furnishes  maximrn  aerodynamic  braking  and 
is  compatible  w* th  future  growth  packaging  and  weight  considerations. 

3.  Standardization  of  aeroshell  for  all  missions.  This  results  in  a 
minor  weight  penalty  on  early  missions. 

Selection  of  a propulsive  type  lander  system  because  it  permits  soft 
landing  even  in  the  presence  of  vinis. 

5.  Use  of  a parachute  to  provide  the  transition  from  capsule  trajectory 
to  propulsive  descent.  Parachute  deployment  Mach  mmber  will  vary  from  1.2 
in  early  missions  to  1.6  in  tho  later  missions. 

6.  Employment  of  a common  mission  mode  for  all  lander  missions  1973  - 
1979*  Tha  mission  mode  should  consist  of  aeroshell -parachute -propulsive  soft 
landing  which  allows  for  the  maxima  coasonallty  of  subsystems. 
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Figure  29  through  32  indicate  uhe  mission  modes  that  are  compatible  with 
the  above  payloads.  These  modes  are  briefly  described  below  for  the 
respective  payloads. 

Frobe:  The  parachute  is  deployed  at  a hach  lumber  of  1.2  at  an  altitude 

of  21,000  feet.  The  major  experiments  (including  TV)  are  made 
during  the  parachute  descent  and  the  descent  package  does  not 
survive  impact.  Some  preliminary  information  can  be  obtained  on 
surface  hardness  by  the  deploying  of  penetrometers  shortly 
before  impact. 

Probe/lander : This  mode  is  a duplicate  of  the  above  mission  until  the 

parachute  is  Jettisoned  at  about  5 >000  feet.  With  the  vernier 
motors  controlled  so  that  the  capsule  obtains  zero  velocity  a 
short  distance  above  the  surface,  a 200-pound  ball  is  released 
to  impact  at  less  than  50  feet/second.  This  package  will  relay 
impact  accelerometer  data  end  will  monitor  atmospheric 
conditions  at  the  surface  for  a short  period  in  order  to  note  any 
variations  with  time. 

Semi-Soft  Lander:  On  this  mission,  the  parachute  is  Jettisoned  at 

approximately  10,000  feet  and  the  lander  descends  under  active 
vernier  control.  A 1400-pound  ball  (ai  omni-directionally 
protected  Automated  Biological  Laboratory)  is  released  near  the 
surface  as  in  the  Frobe/Lander  mode.  It  la  noted  that  an 
engineering  experiment  of  attempting  to  land  the  lander  bus  on 
legs  could  be  Included  without  endangering  the  success  of  the 
prime  mission. 
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ACS  gas  expelled 

1.0 

fVC  gas  expelled 
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Entry  Vehicle 
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Entry  shell  heat  shield 
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Entry  shell  structure 
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Thermal  control 
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Memorandum 


TO 


Associate  Director 
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Langley  Research  Center 
date:  March  27,  1967 


FROM  : Chief,  Flight  Vehicles  and  Systems  Division 


SUBJECT;  Meeting  at  Pasadena  California  on  March  22  and  23,  1967  at  JPL  to  organize 
Interim  Project  Office  (IPO)  for  Voyager  management  (see  agenda,  attachment 
1) 


The  following  members  of  the  Project  Management  Committee  attended  the  subject 
meeting: 

Donald  P.  Hearth  - ('cling  Project  Manager)  (Interim  Project  Office) 

George  Nash  - (Sec.  . iry  from  Eai 1 Sample’s  group)  (Interim  Project  Office) 

Robert  Hock  - (K5C  launch  Operations) 

C.  H.  Foss  - ESC 

6.  Rob 11 lard  - JPL  (Project  Office  Support  Reed)  (I.F.O.) 

Leonard  R.  Piasecki  - JPL  (SL5  Manager) 

Rick  A.  Remetti  - JFL  (SFQF)  (T  & DA  Manager) 

Charles  Chambers  - MSFC  - L/V 

Dave  Newby  - MSFC  - S/C  Bus 

Don  P.  Burcham  - JPL 

Valt  F.  Elchvald  - JPL  - MOS  Manager 

Mr.  Don  Hearth  announced  that  he  had  talked  to  Mr.  Oran  Nicka  who  appeared  with 
Dr.  Homer  E.  Newell  before  the  House  Space  Committee  (Rep.  Earth)  on  March  22  t; 
review  the  Lunar  and  Planetary  program.  Mr.  Nicks  felt  that  the  committee's  reaction 
to  the  Voyager  project  was  very  favorable.  Also  he  Reported  that  the  1971  Mars  fly* 
by  vith  atmospheric  probe  had  a favorable  reception. 

Tha  OSSA  Headquarters'  Voyager  Program  Office  at  prasant  la  as  follows  according  to 
Mr.  Hearth: 


(act  attached  Chart  1) 

paga  2 


Bay  US  Savings  Bands  Rignlarly  on  th  Payroll  Saving  °tan 


Bob  Fellows 
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Mr,  Hearth  described  the  Voyager  Interim  Project  Office  setup  to  date.  The  office  is 
located  on  the  top  two  floors  of  the  Union  Bank  Building  in  Pasadena  California  (cov* 

D*r  of  Lake  and  Cordova  Streets).  He  stated  that  he  would  serve  as  the  interim  pro- 
ject manager  and  would  spend  approximately  half  his  time  in  Pasadena.  The  final  Pro- 
ject Office  is  to  be  formed  no  earlier  than  July  1967  and  no  later  than  October  1967. 

The  I.P.O.  la  as  follows  with  lead  personnel  named  where  they  have  been  selected. 

(see  chart  2) 
page  4 

Mr.  Robillard  discussed  the  mode  of  oper.  ion  for  the  Mission  Analysis  and  Engineering 
Croup.  He  stated  that  they  will  concern  themselves  with  miaaion  and  design  problems 
vhlch  Interact  acroas  systers  such  as  communications  and  weight.  Also  they  would 
aerve  for  the  I.P.O.  as  a technical  referee  among  systems.  It  is  Intended  to  keep 
thia  group  in  operation  at  least  until  October  1967  to  insure  compatibility  of  designs 
and  RFP'a  for  Phase  "C"  procurements , Some  technical  capabilities  will  be  needed  in 
the  Project  Office  subsequent  to  October  1967.  The  Mission  Analysis  and  Engineering 
Croup  will  support  the  Mission  Design  Working  Group  (discussed  Istei).  . Data  for  buy- 
off  by  KDWC  will  be  generated  by  the  MD  6 E group. 

To  provide  participation,  visibility,  and  review  by  key  systems  personnel  an  interim 
management  arrangement  was  discussed  and  agreed  upon  as  a means  of  coordination,  and 
integration  among  the  Voyager  Systems.  Thia  la  headed  by  a Project  Management  C ittee 
chaired  by  the  Interim  Project  Manager  (Hearth).  The  committee  la  composed  of  a . , ber 
or  member  a from  each  Voyager  system  (S/C,  CB,  SLS,  MOS,  TDS , L/V,  LO) . The  PMC  would 
serve  to  coordinate,  exchange  Information  and  review  output  of  working  groups.  The 
moda  of  operation  would  be  Interim  meetings  (probably  monthly)  railed  by  Mr.  Don  Hearth. 
HA&E  would  . ipport  the  group  technically  and  action  Items  would  be  taken  back  to  the 
Centers'  Involved  for  work  and  resolution. 

A series  of  working  groups  would  report  to  the  IMC.  These  groups  would  made  up  of 
members  froa  the  Systems  Involved  chaired  In  moat  cases  by  a man  assigned  to  the  Interim 
Project  Office.  Again,  the  wot  ng  groups  would  function  through  perodic  meetings  with 
members  taking  action  Items  bacx  to  their  Centers  for  work  and  resolution, 

* 

Soma  working  groups  would  appoint  panels  to  break  the  work  Into  smaller  units. 

Technical  commitment  and  interface  for  Center*  will  be  mede  through  the  working  groups 
With  review  by  the  P/oJict  Management  Committee.  All  agreed  that  the  gr^pa  should 
primarily  concern  themselves  with  items  which  interact  among  all  systems.  For  example, 
interfaces  between  only  two  systems  should  be  settled  by  the  systems  Involved. 

Tha  entire  structure  for  Inter  in  Management  la  shown  as  follows: 


(aaa  chart  3) 
paga  3 
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Mr.  Walt  Elchvald  of  JPL  talked  on  the  preliminary  Mission  Operations  System  plans. 

Ha  stated  that  the  MOS  would  be  responslbile  for  the  hardware  and  software  for 
missions  operation  and  control.  MOS  would  also  be  responsible  for  MOC  (Mission  Opera- 
tions Complex)  design.  JPL  is  setting  up  design  team  to  familiarise  mission  operations 
sequences  and  interfaces  and  to  implement.  It  was  not  clear  as  to  the  systems  extract 
responsibilities  in  the  MOS  and  MOC  area.  It  is  recommended  that  Mr.  Boyer  and  Mr. 
Martin  of  10P0  review  the  preliminary  documents  (attachments  3 & A)  prepared  by 
Mr.  Elchwald. 

Mr.  Elchwald  requested  that  LRC  assign  personnel  to  the  HOC  design  team. 

Project  guidelines  were  reviewed.  Decisions  were  made  on  some.  Others  were  left  open 
for  acre  study. 

1.  Will  use  two  planetary  vehicles  on  One  Saturn  V 

2.  Backup  launch  vehicle.  No  decision  was  made  but  two  alternates  ware  diacussed. 

a.  Two  Saturn  V's  erected  simultaneously  on  pad  39.  Shift  planetary  vehi- 
cles to  backups  in  case  of  problems. 

b.  Move  launch  to  next  launch  window  (two  to  three  months  later)  and  change 
trajectory  (type  1 to  type  2) 

3.  Lifetime  - No  decision  reached;  however,  two  daya  on  surface  most  probable. 

To  be  examined  as  to  use  of  batteries  or  RTG.  It  was  felt  that  the  capsule  should  be 
designed  thermally  fox  the  RTG  in  1973. 

4.  Capsule  weight  - No  decision  resched.  However  it  was  decided  to  consider 
5000#,  6000#  and  7000#  capsule  weights  snd  determine  trade-offs  and  penalties  for 
designing  73  mission  for  heavier  weights.  MSFC  will  examine  design  of  S/C  Bus  for 
7000#  capsule. 

5.  Design  largest  site  capsule  which  will  fit  in  shroud. 

6.  Two  planetary  vehicles  identical  for  73  missions. 

7.  Design  for  Mars  only  as  starting  point. 

B.  Capsule  Bus  will  be  entered  out  of  Mar's  orbit. 

9.  Type  I trajectory  will  be  used  as  starting  point.  (Type  X hea  encounter 
at  leas  than  18(P,  Type  II  has  encounter  more  then  180°).  Type  II  le  double  trip  time 
end  distance  for  Type  I but  allows  more  pay load  weight. 

10.  Semple  payloads  (experiments)  will  ba  furnished  by  IF0  aa  starting  guldalina. 

11,  Mar's  model  will  be  furnished  by  the  XTO  ea  iter  ting  point;  density,  terrain, 

ate. 
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Hie  phase  *'CM  schedule  was  reviewed,  moving  the  RFP  release  date  fro*  October  67  to 
November  67  to  allow  more  time  to  take  advantage  of  information  from  the  Phase  B 
contractual  and  in-house  studies  was  discussed*  All  parties  were  asked  to  look  at 
their  system  procurement  schedules  in  detail  and  discuss  these  at  the  next  IHC  meeting. 

Mr-  Hearth  asked  for  a diacussion  and  reconmendations  from  each  system  at  the  next  PMC 
■eating  on  the  role  and  responsibilities  of  the  Launch  Operations  System  (KSC) . 

1*  Who  heads  up  assembly  and  checkout  team  at  the  Cape? 

2*  Do  systems  contractors  particlpatet 

It  was  requested  that  all  systems  review  the  f.y.  67  and  68  budget  (attachment  5)  and 
ha  prepared  to  dlscuas  their  specific  requirements  at  the  next  JMC  meeting. 

A discussion  on  repotting  was  held.  A preliminary  document  (attachment  6)  for  review 
was  submitted  by  Mr.  Hearth*  The  proposed  system  is  based  on  the  MIC  System  used  by 
|AC  on  the  Orbiter.  Conoents  on  the  proposed  document  were  requested  by  Mr.  Hearth 
by  March  31,  1967. 

^CTION  ITEMS  (Next  PMC  meeting  is  scheduled  for  -ild-Aprll  1967) 

1. Comment  on  MOS  plan  by  next  PMC  meeting. 

2.  Appoint  Working  Croup  representatives  by  April  5,  1967. 

3.  Don  Hearth,  JPL,  and  LRC  will  meet  next  week  on  capsule  and  SLS  interfaces. 

4.  Review  and  comment  on  Phase  C schedule  by  next  FMC  meeting. 

3m  Arrive  at  recomaended  position  on  operations  at  LSC  prior  to  next  PHC  meeting. 

(•  Review  recoonended  zeporting  system  and  comment  by  March  31,  1967. 

7.  Make  recoamendations  for  chairman  for  Facilities  Working  Group.  All  attendees 
fait  someone  who  is  recognized  and  respected  byCof  F personnel  in  Headquarters  la  needed. 

COfF  budget  must  be  prepared  by  May  67  If  possible. 

8.  Review  budget  for  f.y.  67  and  68  by  next  FMC  meeting  and  recommend  concurrence 
or  changes  (attachment  5). 

9.  The  writer  discussed  the  Voyager  experiments  with  Mr.  Newby  of  MSFC,  Dr.  Burcham 
of  JPL  and  Mr.  Don  Hearth.  All  agreed  that  the  experiment  hardware  development  should 
be  a project  responsibility.  Mr.  Hearth  agreed  that  tha  entry  experiments  In  particular 
ware  primarily  engineering  experiments  needed  to  determine  and  analyse  the  operation  of 
tha  Capsule  Bus  and  possibly  could  be  handled  In  a manner  similar  to  the  Lunar  Orbiter 
experiments.  Mr.  Hearth  suggested  that  Langley  representatives  should  contact  Bob 
Fallows  of  OSSA  on  this  matter  In  tha  near  future. 

- CT' 

Mvla  C.  Kllgor*  \ 
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IN-HOUSE  FEASIBILITY  STUDIES  - PLANETARY  EX)  LO RATION  PROGRAM 


Objective 

The  objective  of  this  in-house ^study  is  to  enable  the  Langley 
Research  Center  to  recommend  to  NASA  Headquarters  alternate  approaches  for 
planetary  exploration,  in  view  of  the  present  deferment  of  the  Voyager 
Program. 

Method  of  Approach 

Scientific  and  engineering  objectives  will  b*»  specified  and  prioritized  for 
planetary  exploration  in  the  period  1971-73  for  both  Mars  and  Venus. 

The  payload  capability  of  the  spectrum  of  available  launch  vehicle 
systems  smaller  than  Saturn  V will  be  evaluated  and  a limited  number 
•elected  and  used  for  this  study. 

A conceptual  spacecraft  design  shall  be  created  for  each  selected 
launch  vehicle  to  carry  out  as  many  of  the  stated  scientific  objectives 
as  practicable.  A mission  plan  will  be  evolved  for  each  spacecraft/ 
launch  vehicle  combination  to  verify  over-all  feasibility.  All  recommended 
combinations  shall  be  examined  for  future  growth  capability.  The  reed 
for  advancements  or  additional  study  into  teclinology  areas  will  be  identified. 

Trade-off  studies  among  the  various  configurations  shall  be  carried 
Out  leading  to  the  final  LRC  recommendation  to  NASA  Headquarters. 

guidelines 

A.  The  following  guidelines  and/or  constraints  shall  govern  during 
the  performance  of  this  study: 

1.  Planets  to  be  considered  - Mars  and  Venus 

2.  Launch  dates:  Mars  - 1971,  1973  ^ 

Venus  - 1972,  1973  X ° 

3.  Configurations  * Orbiter  spacecraft  with  and  without  probe 

1*.  Orbit  characteristics  - polar  orbit  desired  to  provide  full 
planet  coverage. 

5*  Orbit  lifetime  for  a nonsterilized  orbiter  spacecraft  to  be 
50  years  as  required  by  NASA  planetary  quarantine  criteria. 

6.  Entry  probes  to  be  sterilized  in  accordance  with 
NASA  agreements. 

7.  Length  of  mission  - a goal  of  coverage  of  a planet  seasonal 
change  la  desired  for  Mara;  Venus  needs  further  study. 
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8.  For  each  launch  opportunity,  thoro  shall  be  two  launches; 
a third  spacecraft  should  be  prepared  and  available  at  the 
launch  facility  as  a baek-v'  to  help  assure  the  intended 
launches. 

9-  It  * s desired  that  each  launch  window  be  not  less  than 
about  30  days  in  duration. 

10.  The  launch  facilities  at  ETR  are  to  be  utilized. 

11.  Planning  shall  be  on  the  basis  of  using  the  existing 
capabilities  of  the  Deep  Space  Network  (Deep  Space  Stations 
and  the  Space  Flight  Operations  Facility). 

12.  Maximum  use  shall  be  made  of  space-proven  hardware. 

13*  This  study  shall  not  consider  the  development  of  a new 
launch  vehicle. 

lU.  A minimum  periapsis  altitude  of  1000  km  shall  be  used  for 
purposes  of  this  study  for  both  Mars  ami  Venus. 

B.  The  following  areas  need  to  be  investigated  early  and  related 
guidelines  established: 

1«  Transit  time  - available  error  analyses  should  be  used  to 
establish  the  approach  trajectory  criteria  In  order  to 
determine  the  spacecraft  payload  capability. 

2.  Desired  length  of  mission  at  Venus  needs  to  be  determined. 
Implementation 

A.  The  management  structure  for  the  in-house  feasibility  study  is 
shcam  in  figurr  1. 

B.  Foliating  is  the  schedule  on  which  the  study  is  to  be  carried 

out: 

sepr.  ir 

■Oatobee Hr,  19^7  - Interim  status  report  due  along  with 

Identification  of  areas  which  should  be 
supplemented  by  contractor  effort. 

November  1,  1967  * Results  of  the  task  area  activities  available 
for  assembly  into  an  integrated  report  for 
presentation  to  NASA  Headquarters. 
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PERSONNEL  ASSIGNMENT  TO  TASK  AREAS 
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Task  No.  and  Name 

1.  Definition  of  Venus  end  Mars 
Scientific  Mission  Objectives 


2.  Launch  Vehicle 


3.  Instrumentation  for  Scientific 
Measurements 


4*  Spacecraft  Subsystems 

a.  Structures,  Mechanisms, 
Thermal 


Personnel 

LRC  Planetary  Missions  Technology 
Steering  Committee^  E.  Love, 
Chairman 

W.  J.  O'Sullivan  (AMPD) 

C.  T.  Brown  (FVSD) 

A.  T.  Young  (LOPO) 

LRC  Planetary  Missions  Technology 
Steering  Committee,  Subcommittee 

G.  Brooks  (DLD),  Chairman 
J.  Stitt  (FID) 

G.  Wood  (APD) 

W.  Michael  (SMD) 

R.  Girouard  (LOPO),  Leader 
J.  Cannady  (AMPD) 

J,  Unangst  (AMPD) 

G.  Lawrence  (AMPD) 

C.  T.  Brown  (FVSD) 

W.  Cuddihy  (FID).  Leader 
G.  Wood  (APD) 

F.  Staylor  (APD) 

C.  Broome  (LOPO) 

R.  D.  Smith  (LOPO) 

P.  Yaeger  (IRD) 

J.  D,  Lawrence  (IRD) 

I.  MacConochie  (FVSD) 

D.  Cauchon  (FRPO) 

W.  Sherman  (SMD) 

E.  Goyette  (ESD) 

R.  Sproull  (LOPO),  Leader 

E,  Haakinson  (LOPO),  Leader 
D.  Carter  (AMPD) 

W.  Slemp  (AMPD) 
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Tuk  No.  and  Name 

b.  Power 

c.  Communications 

d.  Attitude  Stabilization  and 

Control 

e.  Velocity  Control 

5.  Probe 


6.  Sterilisation 

7,  Mission  Design  Support 

$.  Mission  Reliability 


Personnel 

j.  Harris  (LOPO),  Leader 

W.  Moore  (FID),  Leader 

C.  Green  (LOPO) 

T,  Bundick  (LOPO) 

J.  Reid  (FID),  Leader 

C.  Engle  (LOPO) 

D.  Carter  (AMPD),  Leader 
R.  N.  Green  (AMPD) 

R.  Averill  (FVSD) 

J.  McNulty  (FVSD).  Leader 

J.  Dixon  (FVSD) 

• H.  Tolefs on  (DLD) 

W.  Moore  (FID) 

L.  Fisher  (SRD) 

L.  Vosteen  (SRD) 

K.  Hughes  (LOPO) 

G.  Walberg  (AMPD) 

W.  Erickson  (AMPD) 

C.  Gillis  (AMPD) 

J.  Zanks  (FID),  Leader 

L.  Daspit  (VCBSPO) 

E.  Mason  (FVSD) 

H.  Hendricks  (AMPD) 

J.  Nsvromb  (AMPD),  Leader 
R*  N.  Green  (AMPD) 

W,  Hampshire  (AMPD) 

D.  Snow  (FVSD) 

J.  Williams  (SMD) 

B.  Lightner  (LOPO) 

O.  Bre  /er  (LjOPO),  Leader 
J.  i'ilny  (LOPO) 

O.  Childress  (LOPO) 

H.  Ricker  (FID) 

T.  Bonner  (FVSD) 
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Task  No.  and  Name 
9.  Mission  Operation# 


10.  Mission  Environmental  Criteria 


11.  Conceptual  Design  and 
Integration 

12.  Operational  Orbit  Determination 
Capability 


IS.  Cost  Estimates,  Contractual 
Consiuerations,  Manpower 
Requirements,  Schedules 


Personnel 

W.  Boyer  (LOPO),  Leader 
J.  Graham  (LOPO) 

D.  H.  Ward  (LOPO) 

D.  J.  Martin  (DLD),  Leader 

S.  Clevenson  (DLD) 

R.  Girouard/J.  Lovell  (LOPO) 

T.  Bonner  (FVSD) 

(Organisation  to  be  identified  by 
FVSD) 

U.  M.  Lovelace  (LOPO),  Leader 
W.  Mayo  (LOPO) 

A.  Mayo  (AMPD) 

L.  Hoffman  (AMPD) 

G.  Young  (AMPD) 

J.  Hail  (VCBSPO),  Leader 
F.  Jennings  (VCBSPO) 

C.  McKee  (VCBSPO) 

R.  Parker  (VCBSPO) 

D.  Church  (VCBSPO) 

R.  Anderson  (SRD)* 


•Will  furnish  inputs  relative  to  Headquarters  Study  Contract,  "Cost  Effective 
Design  for  Future  Space  Systems’’ 
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IN-HOUSE  FEASIBILITY  STUDY  TASKS  - PIANETATY  EXPLORATION  MISSIONS 

3.  DEFINITION  OF  VENUS  AND  MARS  SCIENTIFIC  MISSION  OBJECTIVES 
J.  LAUNCH  VEHICLE 

3.  INSTR IMENTAT ION  FOR  SCIENTIFIC  MEASUREMENTS 
1*.  SPACECRAFT  SUBSYSTEMS 

% PROBE 

6.  STERILISATION 

7.  MISSION  DESIGN  SUPPORT 

8.  MISSION  RELIABILITY 

9.  MISSION  OPERATIONS 

10.  MISSION  ENVIRONMENTAL  CRITERIA 

11.  CONCEPTUAL  DESIGN  AND  I>T L5MENTAT ION 

12.  OPERATIONAL  OFBIT  DETERMINATION  CAPABILITY 

13.  COST  ESTIMATES , CONTRACTUAL  CONSIDERATIONS,  MANPOWER  REQUIREMENTS, 
SCHEDULES 


IN-HU7SE  FEASIBILITY  STUDY  TASKS  - PLANETARY  EXPLORATION  MISSIONS 


1.  DEFINITION  OF  VENUS  AND  MARS  SCIENTIFIC  MISSION  OBJECTIVES 

A delineation  of  scientific  objectives  for  missions  to  Venus  and 
Mars  during  the  1971-1973  peric i is  required.  The  recommended 
scientific  measurements  should  consider  'he  use  of  r.n  orbiting 
spacecraft  as  well  as  a combination  orbiter  ana  probe. 


2.  IAUTICH  VEHICLE 

Performance  atudy  and  configuration  selection  tc  support  mission 
design  for  planetary  investigations.  The  medium  space  launch 
vehicles  - smaller  than  Saturn  V - expected  to  be  available  for 
the  mission  time  period  will  be  examined  for  maximum  performance 
and  to  best  support  spacecraft  requirements.  Mission  restraints 
imposed  by  launch  vehicle  systems  and  trajectories  will  be  identified 
as  well  as  payload  weight  capability  and  envelope  site. 


3.  INSTRUMENTATION  FOR  3CIENTTTIC  MEASUREMENTS 

Analysis  of  the  instrumentation  approaches  for  satisfying  the  scientific 
mlsaion  requirements;  comparison  of  various  approaches  to  satisfy  a 
given  measurement  requirement;  ability  to  make  measurements  with 
required  degree  of  accuracy;  present  state  of  theory  and  experience 
of  each  proposed  instrumentation  technique;  suitability  and 
characteristics  of  presently  available  instrumentation;  possible 
required  extensions  In  theory  and  instrumentation  development  to 
satisfy  objective.  The  analysis  and  study  should  be  guided  by  such 
factors  as  the  basic  mission  parameters  (e.g. , altitudes  from  which 
measurements  will  nave  to  be  made),  the  use  of  & probe  for  atmospheric 
survey,  the  need  to  minimize  instrumentation  weight,  size  and  power 
consumption,  the  need  for  matching  measurement  rates  to  coomiunication- 
llnk  data-rate  capability,  the  duration  of  the  missions  and  the 
resultant  effect  on  data  rate  and  Instrumentation  design  and 
reliability,  etc.  To  satisfy  mission  objectives  for  the  measurement 


of  planetary  fields,  particles,  environment  and  surface  characteristics 
will  involve  the  consideration  of  instrumentation  such  as: 

inaging  systems 
napping  radar 
radar  altimeter 
micro-wave  radiometer 
ultraviolet  spectrometer 
Infrared  spectrometer 
Infrared  radiometer 
magnetometer 

micraaeteoroid  detectors 
radiation  detectors 
pressure  score: z 
temperature  sensors 
water  vapor  sensors 
RF  occultation 


SPACECRAFT  SUBSYSTEMS 

Identify  requirements  for  and  Investigate  problem  areas  of  the 
following  subsystems  relative  to  a Mars/Venus  spacecraft. 

a.  Structure,  Mechanisms,  Thermal 

b.  Power 

c.  Communications 

d*  Attitude  Stabilization  and  Control 
e.  Velocity  Control 
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5.  PROBE 

Study  uf  the  ability  if  the  intended  class  of  spacecraft  to 
carry  and  deploy  an  atmospheric  prole;  investigation  of  probe 
types  and  c^nf iguriti m conni  ierati on  crt  weight  limita- 
tions, desire!  atr's;h^ric  measurement.. ; J^tinition  of  data 
transmission  problem.,  an:  possible  rolut.cnn;  evaluation  of 
possibility  of  probe  surviving  impact  or  the  planet  surf.^e; 
probe  propulsion  requirement. 

6.  STERILTZATICW 

Determine  the  most  feasible  approach  to  terminal  eferi  lizatinn 
of  tn  entry  probe.  :.e.,  oven,  hot  gas,  other.  Also  determine 
the  bio  clean  requirements  for  assembly  ureas  of  the  entr> 
probe  necessary  to  meet  the  require!  ' jn  tarn  nation  level  prior 
to  terminal  s ter ! 1 izu*  i^r.  of  th*»  pru  * *•  r^-t^nr.i r.e  the 
canpatiblli  * y of  »_v>*>ne  Oxide  iecon  firm  re  non  an  orbiting 
spacecraft  ar.J  eval  ate  method".  cf  ! i , : ;i  i-Unj.  and  ejecting 
the  sterile  probe  »v  uri  the  spacecraft. 


7-  MISSION  DESIGN  SUPPORT 

To  support  mission  designs  basic  studies  of  launch  opportunities, 
launch  energy  requirements,  transit/arrivai  timet , aeboost  AV, 
planetary  erbit  designs  and  variation  vith  time,  mission  duration, 
planetary  r.easons,  var tailor  of  comr Plication  distances  with 
mission  time  from  launch,  sun  occulta tion  periods,  Canopus  occulta- 
tlon  periods,  etc.,  are  required.  To  develop  error  .nalyses 
Indicating  AV  and  VACS  requirements  for  midcourses,  deboost,  orbit 
trim,  pointing  for  photography  or  other  planet  imaging  devices  in 
term*  of  at.  .nable  orbit  determination  (To  investigate  and  establish 
if  Blnlsnxi  periapsia  altitude-  less  that.  1000  KM  can  be  utilized.' 


8.  MISSION  RELIABILITY 

To  study  the  mission  requirements  for  long  lifetime  operation  of  the 
•pacec raft/probe  system  and  relate  those  requirements  to  subsystem 
design  approaches  (e.g.,  redundancy,  duty  eyexe,  etc.)  component 
selection,  quality  assurance  approaches,  etc.;  establish  the  required 
reliability  goals  for  each  subsystem;  for  the  final  conceptual 
designs,  predict  the  expected  reliability  as  a function  of  mission 
duration. 


n 


9.  MISSION  OFhRAi’I^NS 

To  define  major  r f r .an  to  operate  t V mission  :n  ill  phases, 

from  launch,  i"f  t:  ’n-Mry  »u  -t  nn  1 <-rb . t ir.g  fhav  ’ vi<-w 

of  cn.tral  i *■  > 4 • 'fn* -a  L1  z*vd  cf 

tracking  ar.i/cr  *•  mini  s t^s , and  * .n*  r ]--'~n*'r  hanvir**  an* 

software  requirement  , sitp-N  - -nmmtini  a*’onr.  r^quir^o#  nf  5 , 

operational  requl  n?  c on  I - U- n an  1 . perari^n  f spacecraft  ar  i 
scientific  lnstr,im*,n*‘  it  ion  a . mi  ii  > 1- sign. 

10-  MISSION  ENVIRONMENTAL  TRITE.:' IA 

To  define  the  major  '‘nvtr>  rvmen*  al  restraints  from  the  > M gn  ar  w 
through  fabrication,  testing,  l*u”  *b  ^ era* noting  'it  the  pluaet 

sur  fare. 

II.  CONCKFTVAL  DESITN  ANT  INTEGRATION 

To  r°  late  ard  integrate  rh>-  - ;b  syr.  r mi  syfeo  ''lementj  of  the 
spa  ■'••craft , probe  and  space  *ehivl»  ir‘  ’ 'onceptual  overfill  i*'5lgr.s 
to  denH'nstrate  and  support  the  > i;-ii  1 ,i'y  of  the  proposed  mission 
concept.  This  will  involve  braining  baric  component  an  i subsystem 
characteristics  from  each  ap^  *vrr la**  task  area,  concriving  and 
integrating  all  elements  of  th  * spacecraft,  pr  and  spac-  vehicle 
into  an  optimum  arrangement  in  sc -or  lane-  with  thermr.l,  environmental 
and  other  cons tderat ionr , establishing  ov-r-ai!  weight*  t*  be 
ut  lized  in  aisiicn  jesign,  et'. 

IP.  OPERATIONAL  ORBIT  D ETC HM I NATION  CAPABILITY 

To  study  the  capability  of  expert- i tracking  systems  tc  provi.de  the 
required  data  for  orbit  d**t*" a*ina*  ion , th-*  accuracy  with  which  tne 
• tate  vector  and  ort  ital  peruneteri:  an  be  determined  with  various 

amounts  of  tracking  data  during  f;  various  earth-planet  geometries. 
Including  the  effect  of  uncertamt  / In  the  planetary  gravin'  nal 
field  and  the  presence  of  moons  at  it  Mars;  relationship  cf  such 
uncertainties  to  mission  des  gn  an-1  the  ability  to  satisfy  the 
mission  bjectivea;  definlticn  of  possible  improvements  requl  d In 
tracking  system*  or  orbit  determination  programs. 

13.  corr  ESTIMATES,  CONTPACTUAL  COWS T DERATIONS,  MANPOWER  REQUIREMENTS, 
SCKEIXJIES 

To  fcrmulate  and  establish  for  the  selected  mission  over-all  cost 
estimates;  contractual  documentation  and  coordination  aspects;  review 
and  outline  manpower  requirement*;  coordinate  ard  provide  over-all 
schedules. 

Clif foraH.  Nelson 
Study  Manager 
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A BUILDING  BLOCK  APPROACH  TO  MARS  AND  VENUS  PLANETARY  MISSION0 

IN  THE  I970’S  UTILIZING  A MOIXJLAR  SPACECRAFT 

By  Flight  Vehicles  and 
Systems  Division  Study  Team 


SUMMARY 


A program  for  planetary  missions  to  Mars  and  Venus  in  the  1970' a which 
utilizes  the  Titan  family  of  launch  vehicles  and  a spacecraft  modular  concept 
to  promote  maximum  commonality  between  missions  is  defined  in  the  paper  and 
la  outlined  on  figure  6.  It  is  felt  that  this  program  outline  can  be  used  to 

pinpoint  various  technology  areas  requiring  development  so  that  the  leadtime 

« 

required  for  future  planetary  missions  la  minimized. 

lhe  Titan  III-C*  vaa  selected  as  the  launch  vehicle  for  missions  to  Mars 
and  Venus  in  1971  to  1975  opportunities.  The  Titan  III  C euppl'ca  sufficient 
energy  to  orbit  a 1 ,^00  spacecraft  (150  pounds  of  science)  and,  depending  on 
mission,  to  carry  a 150-  to  300-pound  probe  to  investigate  the  atmosphere. 

These  orbiting  spacecraft  can  be  made  up  of  instrument  and  propulsion 
modules  with  much  commonality;  additional  propellant  tanks  would  be  required 
for  the  Venus  missions.  This  spacecraft  modular  approach  can  be  extended  to 


♦For  the  purpose  of  this  study,  the  following  designations  are  used  to 
describe  various  Titan  launch  vehicles : 

T III-C  Basic  Titan  with  two  five-segment  strap-on  solid  motors  and  the 
Transtage . 

T III-D  Same  a a the  T III-C  except  no  Transtage. 

T III-F  Same  as  the  T III-D  except  solid  strap  ons  are  seven-segment 

instead  of  five-segment.  The  T III-F  is  the  non-man  rated 
complement  of  the  Titan  III-M. 


! 
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the  later  missions  when  a higher  energy  launch  vehicle  and  lander  are  phased 
into  the  program. 

Saturn  V and  Titan  HI-F  Centaur  are  satisfactory  candidate  launch 
▼chicles  in  the  197^  to  1977  opportunities.  A Titan  TXI-F  Centaur  vehicle 
can  be  staged  and  hammer  headed  to  carry  a 4, 000-pound  capsule  bus  into  orbit 
for  separation  and  landing. 

This  program  allows  each  succeeding  mission  to  build  on  the  technology 
of  the  preceding  mission,  thus  minimizing  development  costs  and  enhancing 
reliability. 


INTRODUCTION 

In  order  to  provide  a basis  for  the  definition  of  the  required  technology 
to  support  a planetary  exploration  program  for  Mars  and  Venus  in  the  early 
1970's  which  demonstrates  steady  growth  to  the  landing  of  a surface  laboratory 
qrstem  planned  for  the  late  1970's,  a study  was  conducted  to  determine  payload 
flight  allocations  and  general  planetary  vehicle  configurations  using  the 
Titan  III-C  launch  vehicle.  In  particular,  an  attempt  is  made  in  this  paper 
to  delineate  mission  parameters  such  as  launch  dates,  energy  requirements, 
orbit  dimensions,  etc.,  and  to  show,  through  conceptual  drawings,  the  modular 
concept  permitting  commonality  between  missions  and  growth  capability. 

After  reviewing  launch  vehicle  payload  capability  as  supplied  by  Lewis 
Research  Center  personnel,  the  Titan  III-C  Trans tage  was  selected  as  the  early 
mission  vehicle  on  which  the  study  would  be  based.  The  problem  then  was  to 
select  an  orbit  which  would  utilize  a minimum  of  propellant  for  orbit  Injection, 
while  permitting  relatively  close  observation  of  the  planet  for  a long  period 
of  time  from  an  orbiting  spacecraft.  Orbits  of  the  order  of  1,000  x 20,000  to 
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1,000  x 50,000  ton  appeared  to  best  satisfy  thes*  requirements  and  vere 
therefore  selected  as  parameters . 

With  available  payload  Information,  It  was  then  possible  to  determine  the 
planetary  vehicle  weight,  propellant  weight,  and  orbiting  (dry)  weight.  From 
these  data,  trades  were  developed  which  demonstrate  allowable  weights  for 
deployed  prooee;  consideration  was  given  to  deploying  probes  both  oa  orbit 
and  from  approach  prior  to  insertion  of  the  spacecraft  Into  orbit.  This  weight 
breakdown  was  g*  icrated  on  the  basis  of  three  different  spacecraft  weights  - 
1,200  pounds,  1,500  pounds,  and  I ,4qo  pounds  - and  resulted  in  various  probe 
weights. 

In  the  preparation  of  a conceptual  design  of  the  spacecraft,  an  approach 
was  selected  to  permit  maximum  ut  ill  tat  Ion  of  common  systems  between  missions. 

A modular  concept  permitting  growth  and  commonality  was  made  the  objective  of 
the  design;  this  objective  was  to  be  realized  by  changing  only  the  propulsion 
module  and  capsule  sizes  as  the  allowable  mission  weights  Increased. 

Hie  performance  and  weight  data  contained  herein  vere  developed  on  a 
minimum  time  basis  and  are  therefore  presented  as  approximate  values.  This 
information,  however.  Is  valid  for  Illustration  of  concepts  and  approach 
techniques . 


SYMBOLS 

Cj  twice  the  total  injection  energy  per  unit  mass  (km^/sec^) 

V velocity  (km/sec) 

Vjj  hyperbolic  excess  velocity  at  launch  (km/sec) 

V.  hyperbolic  excess  velocity  at  encounter  with  target  planet  (km/sec) 
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fi/C  spacecraft  not  including  probe 

£V  Telocity  iTcrement  required  for  spacecraft  velocity  change 

including  orbit  insertion  (km/sec) 
g gravitational  acceleration  (ft /sec2) 

ACS  attitude  control  system 

a/CpA  aass/fdrag  coefficient  x cross-sectional  area) 

K Mach  number 

a angle  of  attack  (degrees) 

7 flight-path  angle  (degree  or  radians , measured  negative  downward 

froa  the  local  horizontal) 

Subscript 


B 


entry  conditions 
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A.  Mission  Requirements 

An  analysis  was  made  to  determine  the  pertinent  ml salon  parameters  for 
missions  to  Mars  and  Venus  lr.  the  1972  to  19  opportunities.  These  parameters 
are  tabulated  in  table  I.  The  launch  energy  (C^)  required  in  each  of  the 
opportunities  Is  shown  which  determines  the  planet  payload  for  the  various 
launch  vehicles.  Also  tabulated  is  the  planet  approach  velocity  (Vw)  which 
defines  the  propulsion  requirements  for  orbit.  Finally,  the  ratio  of  spacecraft 
weights,  before  and  after  orbit,  is  glVen  for  representative  orbits  of 
1,000  Km  x 20,000  Km  and  1,000  km  x 30,000  km. 

The  results  of  a parametric  study  of  planetary  vehicle  system  weights  for 
the  various  opportunities  compatible  with  a Titan  III-C  launch  vehicle  are 
given  in  tables  II  and  III.  For  various  weight  spacecraft  (orbit  weights  of 
1,200,  1,300,  and  1 .<♦00  pounds),  table  II  defines  the  propellant  requirements 
for  a 1,000  x 30,000  Km  orbit  and  shows  the  net  weight  available  for  probe(s) 
either  separated  on  planet  approach  or  after  orbit  has  been  obtained.  Table  III 
gives  similar  data  shovl:  p fhe  effect  of  tightening  the  orbit  to 
1,000  x 20,000  Km. 

B.  Probes 

While  it  Is  anticipated  that  any  probe  will  be  configured  to  fit  the 
particular  mission  insofar  as  weight  and  volume  are  Involved,  several  studies 
have  identified  probe  sites  and  weights  required  to  accomplish  specified  probe 
objectives.  These  probes  are  summarized  in  appendix  A and  were  designed  for 
the  following  functions: 
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1.  Ames/AVCO  Probe  fur  Venus  and  Mars  - a 125-pound  probe  to  make  Indirect 
measurements  of  the  atmosphere. 

2.  Buoyant  Venus  Station  for  Venus  - a 5:X>-pound  probe  system  to  result 
In  a balloon  hovered  station  for  direct  measurements  of  the  atmosphere. 

3.  I»RC  Parachute  Probe  for  Mars  - a ^0 -pound  system  for  direct  measure- 
ments of  the  atmosphere. 

4.  JPL  Probe  and  Lander  for  Mars  - a 3^0 -pound  system  to  make  Indirect 
measurements  of  the  atmosphere  and  put  5 to  10  pounds  of  science  in  a semlhard 
lander. 

These  probe  data  can  be  used  in  trade  analysis  vhere  the  probe  weight  can 
be  evaluated  against  spacecraft  weight  and  -bit  definition.  If  probe  data 
are  of  a high  priority,  the  spacecraft  weight  can  be  reduced  and  orbit 
eccentricity  increased  from  the  data  given  In  tables  I,  II,  and  III. 

C.  Spacecraft  and  Vehicle  Conceptual  Design 

Spacecraft  were  configured  for  the  various  opportunities  with  a design 
«oal  to  utilize  common  modules  as  much  as  possible.  In  order  to  evaluate  the 
dynamic  envelope  restraint  of  the  spacecraft  with  various  size  capsules,  studies 
were  made  utilizing  dynamic  envelopes  of  100  inches  (standard  Titan),  170  inches 
(hunerheaded  Titan),  and  2^0  inches  (Saturn  V).  It  was  found  that  the 
100-lnch  dynamic  envelope  was  satisfactory  for  the  early  missions  although  it 
would  require  solar  panels  to  be  stored  in  a compact  folded  package  and  would 
limit  the  probe  diameter  to  about  5 feet.  The  170-inch  envelope  would  be 
required  on  the  Titan  g*-ovth  mission  where  the  shroud  would  be  hammerhead ed 
and  a large  capsule  carried.  The  24o-lnch  envelope  is  required  for  the  full 
Voyager  capsule  of  19-foot  diameter  which  is  consistent  with  Saturn  V 
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launch  capability.  These  spacecraft,  planetary  vehicle  envelopes,  and  launch 
vehicle  integration  are  shown  on  figures  1 through  . 

100-Inch  Dynamic  Envelope 

At  thovn  on  figure  1,  the  spacecraft  propulsion  nodule  la  basically  a 
tubular  truss  structure  vlth  an  aft  ring  which  interfaces  with  the  launch 
vehicle  adapter  and  provides  the  separation  plane  for  the  planetary  vehicle. 

A forward  ring  provides  the  field  Joint  for  mating  with  an  eight-point  tubular 
truss  adapter  which  terminates  in  a field  Joint  at  the  aft  end  of  the  instru- 
mentation nodule.  The  propellant  is  contained  in  four  spherical  tanks  which 
are  attached  to  the  basic  structure  of  the  propulsion  module.  Two  cylindrical 
%2  pressurant  t inks  are  provided  and  are  located  diametrically  opposed  and 
netted  between  the  propellant  tanks.  A 300-pound  thrust  engine  is  gimbaled 
and  supported  by  tubular  members  which  are  mounted  to  the  aft  ring  of  the 
aodule  structure.  Tills  engine  could  be  a scaled -up  version  of  the  100-pound 
thrust  Lunar  Qrbiter  engine  or  an  engine  developed  for  another  program.  Should 
this  engine  not  be  developed,  the  100-pound  engine  could  be  used  and  burned  a 
longer  tlae  although  this  would  be  less  efficient.  The  reaction  control 
thrusters  would  be  out  rigged  near  the  aft  end  of  the  aodule  structure  at  the 
longitudinal  center  of  gravity  of  th  system . The  tankage  displayed  In  this 
configuration  is  adequate  for  a Mars  ly73  mission  and  by  simply  replacing  the 
spherical  propellant  tanks  with  cylindrical  tanks  having  the  sane  diameter  as 
the  spherical  tanks,  sufficient  propellant  for  a Venus  1972  mission  can  be 
accanodated.  Two  additional  Nj  pressurant  tanks  can  be  provided  in  the 
two  diametrically  opposed  void  spaces  provided  which  are  not  used  for  the 
Mars  mission. 


The  instrumentation  module,  which  Is  octagon  shaped,  Is  bO  inches  across 
the  flats  and  19  inches  high.  Approximately  30  cubic  feet  of  storage  volume 
Is  provided  to  contain  all  proposed  ACS  electronics,  spacecraft  science,  data 
handling,  telecommunications,  data  storage,  batteries,  prograaers,  etc.  This 
module  is  designed  as  a ccumnon  module,  capable  of  satisfying  the  requirements 
of  a Mars  or  Venus  mission,  as  well  as  a Voyager  mission.  The  vldicon  require- 
ments of  a Mars  mission  are  satisfied  by  mounting  the  three-camera  pack,  on  a 
scan  platform,  exterior  to  one  of  the  module's  flat  surfaces.  The  vldicon 
package  is  envisioned  as  a self-contained,  thermally  controlled  bolt-on  module. 
For  a Venus  mission  where  fever  cameras  or  different  cameras  may  be  required, 
the  Hare  video  module  could  be  replaced  by  one  tailored  to  the  Venue  require- 
ments. The  steerable  0-foot  diameter,  high-gain  antenna  can  be  stored  parallel 
to  the  longitudinal  axis  or,  by  using  a longer  boom  on  the  antenna,  it  could 
be  extended  forward  in  front  of  the  probe.  The  solar  panels  must  be  stored 
In  a compact  folded  package  and  deployed  subsequent  to  shroud  ejection.  The 
instr\«entat ion  module  is  basically  a tubular  truss  structure  terminating  at 
a ring  on  the  aft  end  which  provides  the  field  Joint  interface  with  the  propul- 
sion module.  A forward  ring  provides  the  field  Jolit  Interface  with  the  probe 
adapter.  Internal  structure  is  provided  for  instrumentation  mounting,  and  the 
total  module  is  covered  with  a metal  skin  to  provide  a thermal  compartment. 
Figure  2 shows  this  spacecraft  Integrated  with  a probe,  shroud,  and  the 
Tital  III-C  launch  vehicle. 


170-1 nch  Dynamic  Envelope 

The  same  propulsion  itodule  as  previously  described  is  shown  on  figure  3. 
However,  there  is  clearly  more  volume  available  for  tank  extension  should  a 


8 


1+36 


larger  and  heavier  capsule  be  used  within  this  shroud  restraint.  The  instrument 
module  is  Identical  to  the  unit  previously  described.  The  added  volume  eases 
the  problem  of  the  mounting  of  the  solar  panels  and  the  antenna.  The  steera  le 
6-foot  diameter  high-gain  antenna  Is  attached  near  the  aft  end  of  vhe  instru- 
mentation module  and  utilizes  an  extendable  boom  for  deployment  to  a position 
outboard  of  the  probe.  A fixed  solar  panel  ring  extends  outboard  from  the  aft 
face  of  the  Instrumentation  module,  and  mounted  at  the  periphery  of  the  fixed 
panels  are  elc'..  deployable  panels  which  combined  can  provide  about  200  Bquare 
feet  of  solar  panel  area.  The  experiment  arrangement  for  a Mars  mission  is 
shown  on  figure  3 . 

Figure  4 depicts  the  most  advanced  planetary  vehicle  concept  envisioned 
for  a Titan  launch.  Shown  is  a 4 ,000-pound,  14 -foot  diameter  capsule 
(12,000-pound  total  planetary  vehicle  weight)  adapter  to  a Titan  III-F  Centaur 
with  a hammerhead  shroud  which  is  l8o  inches  in  diameter.  This  Titan  III-F 
launch  vehicle  is  defined  as  two  seven -• egmert , 120-inch  diameter  solid  rocket 
motors  foi-  the  zero  stage  with  two  liquid  core  stages.  The  first  stage  is 
stretched  about  b feet  and  employs  two  engines  with  a lb  :1  expansion  ratio. 

It  is  the  non-man  rated  complement  of  the  Titan  III-M.  T^e  spacecraft  orbiter 
utilizes  the  common  spacecraft  instrument  module  In  conjunction  with  a mission 
designed  propulsion  module. 


240-Inch  Dynamic  Envelope 

A larger  propulsion  system,  the  UM  engine,  is  used  In  the  configuration 
shown  to  accommodate  ♦he  larger  weight  associated  with  Voyager.  The  comron 
lnstnaent  module  Is  compatible  with  this  concept  and  Is  adapted  to  the  larger 
capsule  and  propulsion  unit.  A significant  Increase  in  volume  la  also  evident 
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and  la  used  for  storage  of  a steerable  6-foot  diameter  high-gain  antenna, 

268  square  feet  of  solar  panels  and  other  equipment  which  may  be  necessary  on 
later  missions.  The  capsule  shown  In  this  conf iguration  could  be  any  of  a 
variety  of  19-foot  diameter  6,000-pound  capsule  concepts  which  evolved  during 
Voyager  Phase  B Study. 


DISCUSSION 


A.  Kiss ion  Designs 

An  analysis  ol  the  mission  parameter  data  (table  I)  reveals  that  energy 
requirements  for  Mars  missions  in  1973  «nd  1975  are  nearly  equal;  Mars  1973 
requires  about  5 percent  more  propellant  to  obtain  orbit.  The  Venus  1972  and 
1973  have  high  approach  velocities  and  low  requirements  vnen  compared  to 

Mars . This  means  a larger  payload  can  be  sent  to  Venus  but  a high  penalty  will 
be  paid  far  orbiting  the  spacecraft  since  a large  AV  will  be  required. 

Mart  73  tod  75  - AV  * 1,500  ka/sec 
Venus  73  - AV  - 2,000  km/sec 

Venus  72  - AV  - 3,000  km/sec 

As  can  be  Inferred,  the  orbit  of  Venus  in  1972  requires  approximately 
twice  as  much  propellant  as  for  Mars  and  50  percent  more  lhan  Venus  1973  • 

Table  XI  shows  that  a Titan  III-C  vehicle  will  send  about  2,500  pounds  to 
Mars  In  1973  or  1975  and  about  3,600  pounds  to  Venus  In  1972  or  1973*  A 
1, ^00-pound  spacecraft  has  been  estimated  (see  table  *0  for  the  Mars  missions 
including  about  150  pounds  of  science  as  shown  In  figure  3.  Using  this  weight 
as  a basis.  It  Is  now  possible  to  investigate  the  trades  among  propulsion 
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weight,  probe  weight,  und  orbit  geometry.  For  both  M*rs  miss  lone,  1'  appears 
reasonable  to  select  a combination  of  a 1 ,^00 -pound  spacecraft,  1,000  pounds 
of  propellant,  and  a 125 -pound  Ames/AVCO  probe  released  on  plane.,  approach. 

For  Venus,  It  appears  advisable  to  loosen  the  orbit  slightly  to  reduce  AV  In 
order  to  gain  some  weight  for  probe  experiments  In  1972.  This  Is  dictated  by 
the  planet’s  dense  atmosphere  which  is  of  interest  to  the  scientists,  plus  the 
cloud  cover  which  restricts  a photographic  mission.  It  la  felt  that  a 
300-pound  probe,  released  on  &pprcCv.n,  could  cai**y  a minimum  Instrumented 
parachute  payload  to  make  direct  measurements  vht?e  slowly  descending  through 
the  dense  atmosphere.  This  3GC-pound  probe  added  tc  standard  1,^00-pourd 
spacecraft,  would  allow  a net  of  1,900  pour  do  of  propellant  which  is  sufficient 
to  orbit  the  spacecraft  in  a 1,000  km  x *0,000  km  o^bit.  Fox  uhe  1973  oppor- 
tunity to  Venus,  tne  approach  velocity  Is  reduced  and,  thub , It  would 
possible  to  fly  a heavier  probe  such  ss  the  buoyant  station  and/or  to  tighten 
up  the  orbit. 

A Mars  1971  alaslon  was  analysed.  The  data  are  not  Included  herein  since 
1971  reprerente  a much  more  favorable  opportunity  than  1973  or  1975  and,  In 
any  event,  the  mounting  of  a more  sophisticated  mlaalcn  In  1971  than  for  1973 
Is  not  contnplated. 

Th«  possible  growth  of  the  Titan  vehicle  to  transport  a «•  «psule  bus  capable 
of  soft  lanUr^s  s surface  laboratory  systco  was  investigated.  The  finding  was 
that  a Titan  IXI-F  Centaur  vehicle  could  be  developed  which  would  be  capable  of 
sending  a 12,000-pound  payload  to  Marc  In  1975.  This  payload  allowance  would  be 
sufficient  for  orbiting  a spacecraft  with  about  r 4 , jOO-pound  capsule  bus. 

This  capsule  bus  would  be  separated  In  orbit  for  a landing  on  Iters. 
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B.  Growth  and  Commonality 

The  growth  and  commonality  aspects  of  a planetary  vehicle  associated  with 
the  Titan  class  launch  vehicle  Is  Illustrated  In  figure  6.  A suggest ed  program 
utilising  a modular  concept  la  outlined  which  maximizes  the  continuing  developing 
technology  sc  as  to  reduce  the  cost  of  new  start  programs  and  development* . 

For  1971.  1973  Mars  and  iy/2,  1973  Venus  missions,  the  basic  building  block  *s 
a 1,400-pound  common  spacecraft.  This  t.  lacecraft  consists  of  two  modules: 

(1)  an  instrument  module  and  (2)  a propulsion  module,  with  a maximum  of  common 
subsystems . Additional  tanks  and  propellant  are  added  for  the  Venus  mission 
but  the  same  prop’ilsion  system  is  utilized.  An  appropriate  probe  Is  mated  to 
the  spacecraft  and  the  planetary  vehicle  is  mounted  on  the  Titan  III-C  launch 
vehicle  within  standard  10-foot  shroud. 

Growth  to  a lander  in  1979  or  1977  is  indicated  conceptually  with  various 
spacecraft  propulsion  modules  substituted  as  shown.  Hammerhead ing  'he 
Titan  III-F  Centaur  will  allow  the  incorporation  of  a large  diameter, 

4 ,000 -pound  capsule  bus;  hammer heading  has  been  investigated  In  vird -tunnel 
studies  and  is  not  anticipated  to  be  a serious  problem-  The  use  of  the 
Saturn  V will  allow  the  use  of  the  19-foot  dii*<?ter,  6,000  capsule  as  previously 
envisioned  for  Voyager. 

Either  launch  vehicle  would  allow  the  capsule  bus  to  be  released  out  of 
orbit  so  as  to  minimise  the  near  Hare  velocities  for  utilization  of  about  a 
Mach  2.0  parachute  as  an  aerodynamic  accelerator.  The  Saturn  V,  l.i  addition 
to  Incorporating  a heavier  capsule  bus,  would  alio,  for  tht  traiv  porting  of 
two  planetary  vehicles  per  launch. 
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C.  Unresolved  Fundamental  Issues 


The  study  outlined  In  this  paper  Is  based  primarily  on  the  theoretical 
performance  of  various  Titan  launch  vehicle  configurations.  Little  consideration 
vas  given  to  detailed  Interface  problems  which  may  exist  between  payload  and 
launch  veMcle  or  between  payload  and  launch  facilities.  For  this  reason, 
several  basic  areas  of  Interest  are  I leted  below  which  require  resolution  to 
evaluate  the  feasibility  of  the  overall  program.  No  attempt  is  made  to  resolve 
these  questions  within  this  paper. 

1 . The  structural  capaoility  of  the  Centaur  may  be  exceeded  with  a 
12,000-pound  payload  and/or  a hammerhead  shroud. 

2.  Thus  far,  launches  of  the  T 1II-F  are  planned  only  for  the  Western 
Test  Rar^e . 

3.  Launch  facilities  may  not  have  the  capacity  to  handle  the  cryogenic 
propellants  used  by  the  Centaur. 


•Exclusive  of  S/c  support  equipment . 
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?A* l£  IV.-  PLANETARY  VIHICLF  WEIGHT  SENARY  (MAr  ) 


UBTRUGUTAT  T OH  MODULE 


Structure 

100 

ACS  Elect. 

6o 

Prograxaer 

30 

leleccmaunlcat  Ions 

220 

Power 

290 

Thermal  Control 

30 

ft*obe  «*elay  Equipment 

20 

Mechanises 

20 

Science 

-120. 

Total 

920 

920 

PROPULSION  MODULE 

Struct  lire 

200 

Velocity  Control  Inerts 

120 

ACS  Inerts 

30 

Thermal  Control 

30 

Separation  and  Mech. 

50 

ACS  Oae 

. 

Dry  Total 

k&o 

480 

ORBITING  S/C  WEIGHT 

1,1*00 

Propellant 

1,025 

1.025 

S/C  with  Propellant  Total 

2,1*25 

Probe  (Direct) 

125 

125 

Total  Separated  from  L/V 

2,550 

ADDITIONS  FOP  VBIUS 

Propellant 

Q75 

875 

Probe  (Direct) 

175 

(Tot*I  Probe  - 3 00  pounds) 

m. 

Total  derated  fro«  L/V  3,600 
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PROBES  FOR  MARS  AND  VENUS 
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APPENDIX  A 


PROBES  FOR  MARS  AHD  V£WUS 

19TO  - 1973 

SUMMARY 

This  report  1b  a brief  summary  of  possible  probes  for  atmospheric 
investigations  of  Mars  and  Venus.  The  basic  concepts  of  the  probes  vlth 
pertinent  technical  Information  are  presented.  Table  I -A  gives  the  weight 
allocations  for  the  various  missions  considered.  Table  II -A  shows  the 
compatibility  of  the  probe  systems  with  these  missions  for  a mlnlmur  weight 
spacecraft . 


PROBE  DESCRIPTION 


Code  Letter  A 
AVCO/Aaes  Probe 

Application:  Mar*  and  Venus 

Probe  System  Weight  125  Pounds 

Bvtry  Shape  110°  Blunt  Cone;  5-Foot  Diameter 

Batry  Weight  50  Pounds 

Instruaentat Ion 

Accelerometers 
Pressure  and 
Temperature 
Radiometer 
Mass  Spectrometer 


Transmitter : 20-watt  relay  to  S/C  10  to  1,000  bps 

Data  period  20  to  60  sec  (Mars) 


a/CjjA  - 0.167 
* Weight 
1.8 

3.5 

2 


x6.3 


2500  K 


t =89.5 


V£  * 2.2  000  f t /i«c , M / Cq  A * .15  SLUG/  FT1, 
P»L  *7  millibar* 


Ar 


\ 


(TJTPICAL  FOR  SEPARATION 
CM  APPROACH  TO  MARS) 


CGD2  LSITBR  A 


REPRODUC|B|L|Ty  Of^THE  ORIGINAL  PAGE 


is  POOR 
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PROBE  DESCRIPTION 


Code  Letter  B 
Buoy*rt  Venus  Station 

Application:  Venus 

Probe  System  Weight  500  Pounds 

Ihtry  Shape  120°  Blunt  Cone/  6-Fon*  Li  dimeter 

frrtry  Weight  590  Pounds  Buoyant  Station  Weight  200  Pounds 


Entry  Instrumentation  Weight 

Accel erorart ers  2 

Pressure  arid 

Temperature  4 

Hr diometer  2 

8 

Buoyant  Station  Instrumentation  Weight 

Temperature  1 

Pressure  3 

Composition 

H20  1 .5 

*2  1 

Og  1.5 

A 1.5 

COg  1 

Density  j 

13.5 

Two  (2)  Drop  Sondes  Weight 

Temperature  0.3 

Pressure  1 .5 

H20  _1 


3.0 

BV8  Transmitter:  5 watt  30  bps/  commend  relay  to  S/C 


Date  period  7 days 
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PROBE  DESCRIPHON 


Code  Letter  2 
LFC  LWP-J28 

Application:  Mars 

Prcoe  System  Weight  44c  Pounds 

Entry  8hape  12CP  Blunt  Cone  6-Foot  9 -Inch  to  7 -Foot  6 -Inch  Diameter 
fcxtry  Weight  }4o  Pounds  tt/CjA*  0.25  to  0.15 


Instrumental  Ion 

Tenpereture 
Pressure 
Accelerometer 
Radar  Altimeter 
Mass  Spectrometer 
Penetrometer 


Weight 

0.9 

1 

2 

8 

9 

8 

28.9 


Transmitter:  ^0  watts  relay  to  S/C , 200  v pe 
Data  period  l4o  to  300  sec 


2^ 


r«1r*l  ierce-nt  nrqvene* 
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FROBL  DESCRIPTION 

Code  Letter  D 
JPL  EPD  ^2? 

Application:  Mars 

Probe  System  Weight  3L0  Pounds 

Entry  Shape  l.^cP  Hlunt  Cone  6.5-root  Diameter 

ftrtry  Weight  l8o  Pound#  b/CjjA  - 0.12 

Lander  Weight  45  Pounds,  lt>-lnch  Sphere 


probe  lrstraaentat  ion 

Weight 

Optional  landers 

Life 

det ect Ion 

Environmental 

Atmospheric 

Accelerometers 

Pressure 

Temperature 

Mass  spectrometer 

■g 

Gulliver  4 lb 
Pres.  1 lb 

T«np.  1 ib 

6 lb 

Wind  1 lb 
Pres.  1 lb 
Temp,  1 Id 
K^O  l.f  lb 

V 1 lb 

Op  jLi.1t. 

7.0  lb 

Mass  spec . Q .0  lb 
Pres.  1.0  lb 

Temp.  1.0  lb 

10.0  lb 

1 3b m Transmitter:  8 watts,  500  bps,  relay  to  S 'C 

^adcr  : 3 watts,  1 bps,  direct  BArth 

Mrrtry  Data  Period  20-25>0  sec 
lander  Data  Period  1-2  hours 
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V.  M 


0 .1g 

BEGIN  DATA 
STORAGE 


£-15mtn 

CAPSULc  TURN  ON 
RELAY  AND  DIRECT 
LINKS 


ENTRY 
800,000  ft 


yE  » 55°  * 4° 

V£  - 23,000  ;i/»e 
<*£  - 50°  * 5® 


Cftpiulc  Entry  and  Landed  Phaae 

CODE  LETTER  D 
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Orbiting  S/C  velghta  Include  orbit  propulsion  requirement  for  S/C  only. 


T III-C  SLV  3C-Centaar 
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TABLE  II-A . - PROBE  COMPATIBILITY 


Mars 

Venus 

1971 

1973 

1970/72 

1973 

Orblter 

f/b 

Orblter 

f/b 

Orblter 

f/b 

Orblter 

F/B 

s/c 

s/c 

s/c 

s/c 

-- 

s/c 

s/c 

s/c 

s/c 

P 4) 

A 

6 £ 

A 

x: 

85 

A 

A 

A 

A 

A 

A 

u 0 

C 

c 

B 

B 

B 

Ph  JU 

D 

D 

1 

■ 

l 

1 

1 

P t) 

A 

■ 

A 

■ 

A 

■ 

A 

■ 

? 0 

C 

C 

B 

B 

ht 

D 

1 

D 

1 

1 

■ 

s. 

S 

■ ■ 

85 

A 

A 

A 

n 

A 

A 

A 

6.2 

C 

C 

C 

H 

B 

B 

B 

B 

D 

D 

D 

D 

25 -hour  orbit  l»0-hour  orbit 

1,000  x 33,500  km  1,000  x 97,500  kn 


29 


PFB& 


I 


Ij ,f.  A)r>'u»*-T'i 

LWP  - 547 
Copy  No.  £"i 


. ^ 

fde  Yu 


i 


j 

t 


i 


At 


.4 


LANGLEY  WORKING  PAPER 

STUDY  OF  TT7 \jV  III  F /CENTAUR  ’A?  ABILITY 

TO  CARRY  OUT  A "VOYaGER -TYPE"  MISSION 

By  Daniel  B.  Snow,  Janes  F.  McNulty, 
William  A.  Carmines,  and  Wlltrrt  C.  Falk 

Langley  Research  Center 
Iangiry  Station,  Hampton,  Va. 


This  paper  is  given  limited  distribution 
and  is  subject  to  possible  incorporation 
In  a formal  NASA  report. 


NATIONAL  AERONAUTICS  AND  SPACE  ADMINISTRATION 


i 


v 


LANGLEY  WORKING  PAPER 


STUDY  OF  TITAN  III  F/CKfTAUR'S  CAPABILITY 
TO  CARL  OUT  A ''VOYAGER-TYPT’  MISSION 


Prepared  by 
Ifcni  el  b , Sri 'w 
James  F.  M'Nulty 


William  A.  Carmines 


[jj  jd-h^£  <r.  '\a-LU 

Wilbert  C.  Fa  IK 


Approved  by . 


Chief , 


Edwin  C.  Kd  *pore 
Flight  Vehicles  and  Cystoma  Dlvlelol 


1 


Approved  for 
distribution  by 


£L 


n 


tu 


Eugene  C.  Draley 
Assistant  Director 


LANGLEY  RESEARCH  CENTER 


NATIONAL  AERONAUTICS  AND  SPACE  ADMINISTRATION 


SELECTION  h’F  A PIAIJKTAPY  VEhK’l  r’  A!ib 
LA.UPCK  VEHICLE  FOH  A TITAN  III  .*  TAJ  5 
KAK3  Klofinw 

SlTMMARY 

Described  vlthin  this  pape:  are  the  res.it9  of  a study  ‘'endue  ted  tn 
establish  a :ealistic  and  sign f \ r'  *:.t  cession  tc  th»  pTinet  Mars  in  th»*  mid 
197c’®  using  a Titan  III  F booster.  Previous  rtudi^r  rave  shown  that  *r'»* 

Titan  III  C,  with  Transtage  or  Agera,  is  weight  a*  d r*  rforoar.ee  l.ritei.  Ch.s 
weight  limitation  results  in  designs  rpc'M  f ica:  iy  ::‘arle  for  re  r.issi'r 
with  little  potential  for  use  cf  c mmonality  f har ‘wure  and  growrr.  tl  r later 
missions . This  study  indicates  tnat  the  Titar  III  : with  a Cer.ta  :r  upper  stage 
provides  the  per fo 'Trance  capability  to  allrv  fi»xltillt,  of  mission  design  n*,d 
logical  growth  from  a Mars  entry  probe  a s‘f-  landed  surface  rover  Hie 
concept  provides  for  an  entry'  capsule  with  a lL-foot  llameter  aeroshell  which 
Is  common  to  all  missions.  The  caps  .le  car.  be  loaded  from  2000  pc  mis  to 
UOOO  pc  unds  to  successfully  provide  a pr~te  mission,  a lander  mission,  and  a 
rover  mission  for  1973>  1975*  and  19*7T  opp^rtnr  i ties , respectively.  This 
design  concept  also  provides  the  eppert  .nif„  f r a ^rating  the  more 
ambitious  lander  and  rover  missions  to  an  earlier  opportunity  if  *he 
Justification  and  funds  necessitate  this  course  of  w Also-  the  same 

1^-foot  diameter  captule  system  can  be  adapted  tc  -n  V launch  vehicle 

for  later  missions  if  this  is  desirable. 

■frils  study  indicate^  that  the  original  Voyage r cd  leetlves  ~ ight  of 
scientific  instrumentation)  can  be  accomplished  with  a<P*  .y  oOOO  pounds 

of  hardware  (spacecraft  and  capsule  systems)  versed  .he  : . vO  to  12,000  pounds 
proposed  for  Voyager  Saturn  V concept.  TMs  reducV  on  in  hardware  weight  and 
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use  of  the  lest  expensive  Titan  III  ? Cer.ta.r  booster  should  result  in  a 
substantial  overall  prcgruni  cost  reduction 

INTHOIXICTTou 

To  date  several  studies  hat*  w'%r  - niictei  fo  delineate  and  solve  the 
problems  associated  vlth  tne  exec/i.-n  . f n nucrejsful  entry  mi6hionn  to  Mars. 
These  problems  include  aerodynamics , ^*11  da:. : and  control*  propulsion, 
eoKar.1  cat  Ions,  etc  , as  well  as  conceptual  d s.gr,  packaging  techniques,  and 
mission  mode  analyses.  Among  the  sillies  perf-.r-  »■  i lr.  tuese  task  areas  ar^j 

1)  AVOO  Corporation's  study  f a ?r  re 'Lender  v.  ■*.  (a)  Investigated 
eatry  problem*  for  capsule  9»*p*vrat  1 _r.  from  planet  appr  am  and  o i* -of-orl  i t , 
(b)  evaluated  Saturn  IE  and  3aturr.  V as  launch  vehicles,  and  (c^  selected 
science  ( Including  TV)  for  entry  and  surface  da* a u"}ui3iti  n. 

2)  Langley  Research  Center's  team  sMi-  or  the  Voyager  Capsule  which 

(a)  made  subsystem  trade-offs  and  select*. ns  for  a Saturn  V mission, 

(b)  defined  a baseline  mission  mode  for  the  V 'yager,  and  (o  evaluated 

growth  und  comnonallty  of  subsystems  far  IT* 3 - 1?'T  *. 

3)  McDonnel  and  Martin-Marietta  C-rp  rations'  Voyager  Phase  b Studies 
which  p'riiini.cd  additional  background  and  analyses.  These  studies  evaluated 
the  overall  Voyager  program  In  order  to  select  a preferred  mission  tiwde  anu 
a capsule  de3ign.  In-depth  analyses  of  the  various  aspects  of  the  1 islon 
vara  required  In  these  studies  to  clearly  define  each  phase  of  the  mission 
and  tach  component  of  the  capsule 

Ihe  work  performed  in  these  studies  has  provided  the  information  to 
deflna  the  overall  mission  mode  as  veil  as  the  capsule  descent  mode,  the 
lattsr  of  vhich  Is  shown  In  figures  1 and  2.  Although  these  studies  have 
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demonstrate'!  the  ♦ecr.r.ical  feasibility  f Tatum  V launched  Voyager/Mars 
misci  -ns  ir.  the  1 ^ * j - 1^" ^ time  period,  the  coEt  associated  vi  th  such  a 
program  raak**r.  evalu  i . .on  of  alternate  missions  advisable.  For  thic  reason  a 
study  of  mi std  ms  vhicn  would  be  compatible  vi*h  tutn  scientific  objectives 
and  lesser  budget  requirement  s was  underi  at.en . The  data  contained  within 
this  pap»  r reflect  the  efforts  of  this  Vud /. 

FRFSKrrEATITN  £F  LATA 

In  order  tc  define  tk  e planetary  «ehicl»  ( I*  ) *he  science  objectives  for 
the  capsule  and  spacecraft  were  first  est/il  llshei;  then  the  capsule  rid 
spacecraft  which  would  s p;-'r*  tie  sci**:  »*»•  » q . i pme  n t were  defined;  and  finally, 
the  orbits  insertion  prupul&im  module  was  defined. 

Capsule  Weight 

Based  on  this  met.uod  of  app**oech  three  'aps  il**:,  varying  scientific 
capability  were  defined.  These  cables  were  of  th-_  oOOO,  3000,  and  l*OO0-p.  -.4 
class.  Figure  3*  illustrates  tne  tyq*?  of  blI ■* n i .'ti  anticipated  f-  r v>e 
200C-p~und  capsule.  Langley  Research  Center's  Planetary  Missions  Tecnr-  lo-y 
Steering  Committee  h as  defined  the  science  ’ :.str  .a  » for  th**  entr,  porter 
of  the  Mrst  Voyager  mission  putting  eaipnasis  on  staining  atmospheric  data 
and  surface  pictures.  This  package  , which  w>uld  reare  to  operate  after  Impact, 
would  weigh  approximately  10(X ) pounds  during  parachute  descent  and  w,  1 d 
Include  8C  pounds  of  sclerce. 

Figure  IB  Illustrates  the  capability  jf  a 3000- pound  caps.le.  Ibis 
concept  retains  the  90  p unds  of  entry  • -ience  equipment,  as  used  in  the 
2000-pound  capsule,  with  a 1600-pound  soft  lander  Of  the  1600  pounds , 


170  pounds  are  the  science  equipment  defined  by  JFL  for  the  Voyager  SLS.  The 
rest  of  the  1600  pounds  is  required  for  structure,  thermal  control,  descent 
propulsion,  communi cation,  etc. 

The  nest  ambitious  concept  is  shown  schematically  in  figure- 3C.  TMs 
figure  represents  the  incorporation  of  a rover  vehicle  into  the  capsule.  This 
rover,  with  its  220  pounds  of  science  equipment,  permits  data  acquisition  at 
points  remote  to  both  the  lander  and  the  propellant  contaminated  planet 
surface.  The  80- pound  entry  science  package  is  again  retained  on  the  lander 
in  this  concept  making  & total  science  package  of  300  pounds. 

When  selecting  the  science  packages  foi  the  above  capsules,  an  attempt 
was  made  to  achieve  the  same  scientific  objectives  in  these  Titan  launched 
missions  (3000-  and  4000-pound  capsules)  as  vere  planned  in  the  larger 
(5000-  and  7000-pound  capsules)  Saturn  launched  Voyager  missions.  To 
accomplish  this  vlthln  the  lesser  weight  bounds,  the  prior  separation  of 
capsule  bus  and  SLS  systems  was  abrogated  and  the  systems  integrated  Into 
covnon  power  sources,  communication  links,  etc.  As  a result  of  this  decrease 
in  equipment  and  weight,  it  was  possible  to  package  the  required  equipment 
into  a smaller  volume;  this,  in  turn,  reflected  in  weight  savings  in  many  other 
areas . Figure  4 shows  the  weight  savings  which  allow  the  1973  Mars  mission  to 
accomplish  Voyager  objectives  with  a 3000-pound  capsule  Instead  of  a 
5000-pound  capsule-  A complete  and  more  exact  weight  breakdown  for  each  of 
the  three  proposed  capsules  is  shown  in  figure  5. 

Capsule  Slse 

Having  based  this  study  on  the  Titan  in  F class  of  launch  vehicle  requires 
that  not  only  the  capsule  weight  be  reduced  significantly,  but  that  the  capsule 
diameter  be  similarly  reduced.  In  order  to  keep  ballistic  numbers  (m/CpA) 
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compatible  with  those  found  optimum  for  the  Voyager  program  the  diameter  of 
capsules  considered  in  this  study  were  reduced  to  & value  which  would  yield 
an  area  approximately  one-half  the  area  of  the  Voyager  ( 19- foot  diameter) 
aeroshell.  Thus,  by  reducing  the  weight  and  area  both  by  approximately 
the  same  factor  (2),  the  ballistic  number  remains  the  same  as  Vcvagsr's 
permitting  utilization  of  present  Voyager  technology.  This  comparison  of 
capsule  sizes  is  shown  in  figure  6;  on  this  basis,  selection  of  a l4-foot 
diameter  aeroshell  with  2000,  3000,  and  4000- pound  capsules  is  made. 

To  check  the  required  altitude -Mach  number  relationships  of  the  above 
capsules  for  low  altitude  atmospheric  descent,  trajectories  were  computed 
and  the  data  plotted  as  shown  in  figure  7.  These  data  show  that  parachute 
deployment  falls  within  the  established  guidelines  including  a requirement 
for  deployment  above  10,000  feet  to  permit  the  landing  radar  to  lock-on  the 
surface.  This  mode  allows  descent  propulsion,  where  used,  to  bum  a 
sufficient  time  and  effect  a soft-landing  on  the  surface.  Entry  conditions 
shown  on  this  figure  are  considered  to  be  nominal  for  missions  as  presently 
envisioned. 

Spacecraft  Weight 

In  establishing  the  weight  of  the  spacecraft,  the  same  guideline  was 
used  as  for  the  capsule;  that  is,  identification  of  the  science  first. 

Figure  8 shows  the  results  of  spacecraft  weight  studies  which  have  been 
prepared  by  several  sources.  The  three  Voyager  spacecraft  contractors  shown 
are  the  Boeing  Company,  TRW,  and  General  Electric;  the  Langley  Planetary 
ficploratlon  Program  Study  Team  Is  comprised  primarily  of  personnel  from  the 
Lunar  Orbiter  Project  Office  with  assistance  from  some  specialised  personnel 
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from  other  divisions  at  Langley  Research  Center;  and  the  current  weight 
allocation  columns  represent  the  science  requirements  established  by  the 
authors  of  this  paper. 

Three  main  areas  of  investigation  have  been  selected  by  most  study  groups 
as  being  critical  to  the  mission.  These  include  topography,  atmospheric 
definition,  and  field  and  particle  data;  instruments  to  examine  these  areas 
are  given  in  the  second  column  of  figure  8.  Imagery  has  been  given  increased 
importance  in  the  first  (1973)  mission  primarily  as  a result  of  the  success 
of  Lunar  Orbiter.  To  provide  a significant  mission  m this  area,  300  pounds 
has  been  allocated  which  would  permit  the  use  of  a sophisticated  film  system 
with  vidicon  backup.  Such  a system  would  provide  50  feet  of  35  film  with 
selected  readout.  In  the  event  TV  is  preferred,  the  weight  availability  exists 
to  provide  any  of  a variety  of  combinations  of  medium  and  high  resolution 
cameras  or  a reduced  capability  film  system  with  a different  vidicon  backup 
system.  It  is  anticipated  that  the  imagery  capability  would  be  reduced 
considerably  in  later  missions.  Other  weights  shown  in  figure  8 also  reflect 
the  importance  placed  on  the  spacecraft  for  the  first  mission  in  order  to 
increase  the  probability  of  a large  return  of  meaningful  data. 

Using  U00  pounds  as  the  total  science  allocation  for  1973,  other 
subsystems  and  components  were  determined  after  reviewing  current  existing 
data  as  shown  on  figure  9.  These  subsystem  weights,  which  represent  the  entire 
spacecraft  weight  excluding  the  orbital  insertion  propulsion  system  and 
propellant,  established  the  current  allocated  weight  of  1700  pounds. 
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Propulsion  Module 

Data  fro*  previous  studies  (LWP  No.  483)  were  used  to  determine 
propulsion  requirements.  These  data,  shown  in  figure  10,  are  conservative  to 
provide  sufficient  capability  over  a reasonable  range  of  requirements. 

Utilising  these  data  together  with  a desired  useful  orbiting  weight  in 
1973  of  5300  pounds  (1700-pound  spacecrafx  + 3800-pound  capsule),  the  weight 
of  the  propulsion  module,  both  hardware  and  propellant,  was  calculated.  This 
1973  weight  is  shown  in  figure  11  and  the  off-loading  of  propellant  for  the 
better  1973  and  1977  opportunities  is  indicated.  It  should  be  pointed  out 
that  the  propulsion  engine  and  tankage  is  common  for  all  three  missions  and  la 
based  on  the  requirements  of  the  most  demanding  mission.  Therefore,  the  total 
orbital  insertion  propulsion  weights  are  3000,  Vf9o,  and  ^700  pounds  for  1973, 
1973 , and  1977,  respectively. 

Launch  Vehicle 

How  that  weights  for  the  capsule  (3800  pounds  for  1973),  the  spacecraft 
(1700  pounds * and  the  propulsion  module  (5000  pounds)  hare  been  established, 
the  launch  vehicle  can  be  selected  which  has  the  required  capability 
(10,500  pounds  to  the  planet). 

The  data  shown  in  figure  12  are  a compilation  of  booster  capabilities  as 
supplied  by  the  Titan  booster  prime  contractor  - Martin  Marietta  Corporation. 
Six  combinations  of  Titan  III  F,  Transtage,  Agsna,  and  Centaur  are  shown  in 
this  figure.  After  reviewing  Martin's  data,  it  was  decided  that  the 
capabilities,  which  vers  optlmlttd  In  several  respects,  were  slightly 
optimistic  for  the  conservative  tone  of  this  study.  For  this  rsason  the 
blocked*!*  numbers,  as  shown  in  ths  "Weight  To  Planet”  line  of  figure  12, 
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were  arbitrarily  reduced  by  10  percent  to  the  more  realistic  values  as  shown 
Id  figure  13 . Only  three  booster  combinations  are  shown  in  figure  13  since 
these  reflect  a cross-section  of  various  Titan  III  F capabilities.  All  values 
shown  are  based  on  1973  Type  I trajectories. 

Titan  III  F/Transtage  capability  (column  6)  permit f only  a 525-pound 
capaule  to  be  carried  in  1973;  a weight  far  below  the  3000  - tooo  pounds 
previously  defined. 

Titan  III  F/ Trans  tage/Agena  (column  3)  permits  a total  weight  to  the 
planet  of  7200  pounds.  In  this  configuration  the  Agena,  which  itself  weighs 
approximately  1570  pounds,  has  been  modified  to  serve  as  the  spacecraft  by  the 
addition  of  nearly  1300  pounds  of  science  and  support  equipment.  This  vehicle 
allows  a capsule  weight  of  H*55  pounds  - still  below  the  weight  necessary. 

Titan  III  F/Centaur  (column  5)  however,  permits  the  full  10,500  pounds, 
as  established  earlier,  to  be  sent  to  Mars.  This  configuration  puts 
6300  pounds  in  a 1,000  x 30,000  km  orbit.  This  weight  includes  a 800-pound 
dry  propulsion  module  as  well  as  the  1700-pound  spacecraft  and  a 
» 3600-pound  capaule  which  were  established  as  maximum  mission  requirements . 

The  Titan  III  F/Centaur  has  been  selected  by  this  study  as  the  launch 
vehicle  for  the  1973  - 1977  Mars  missions.  To  demonstrate  its  capability  in 
the  various  opportunities,  the  data  in  figure  Ik  are  presented.  This  figure 
shows  that  while  using  a cowon  propulsion  module  for  the  three  missions 
progressively  heavier  capsules  may  be  flown  for  each  opportunity,  with  the  last 
two  missions  showing  capability  well  in  excess  of  the  1*000- pound  Rover  Capsule 
described  earlier.  These  last  two  missions  are,  however,  baaed  on  Type  II 
trajectories  permitting  greater  weight  to  be  placed  in  Mars  orbit. 
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Systems  Integration 

* Of  the  three  capsule  concepts  shown  in  figure  3,  the  rover  (3C)  is  by  far 

’ the  most  sophisticated  design  and  thus  presents  the  greatest  challenge  in  the 

j areas  of  packaging  and  integrating.  Pbr  this  reason  the  rover  configuration 

jj  Is  selected  here  in  order  to  illustrate  the  design  approach  as  well  as 

i 

f integration  into  the  flight  capsule  and,  subsequently,  the  spacecraft  and 

I launch  vehicle.  Figure  15  illustrates  the  basic  size  and  shape  of  a rover 

j 

concept  with  nmjor  communications  and  science  components  depicted  in 
1 "black-box"  manner.  The  BTO  power  system  shewn  represente  capability  for 

| considerable  mobility  as  well  as  a lifetime  of  several  months.  Figure  16 

| shows  the  rover,  with  the  lander,  packaged  in  a lU-foot  aeroshell  and 

[ encapsulated  In  a sterilization  canister.  Also  shown  in  this  figure  are  the 

i 

? 

j propulsion  system  on  the  lander,  attitude  control  system,  parachute  package 

\ and  many  electronic  components.  The  lander,  which  delivers  the  rover  to  the 

planet* s surface,  has  been  designed  to  land  on  a slope  of  3^  or  less  and 
gbsorb  impact  loads  of  20  earth  "g's"  or  less.  The  loads  are  absorbed  by 
attenuators  located  within  the  legs. 

The  entire  capsule  is  Illustrated  in  figure  1?  mated  to  the  1700-pound 
spacecraft  and  Its  propulsion  module.  Solar  panels  are  shown  in  a stowed 
(folded  up)  position  and  a louver  design  on  the  spacecraft  provides  thermal 
control  in  order  to  hold  temperatures  within  the  desired  range.  This  entire 
planetary  vehicle  is  shown  in  figure  16  attached  to  the  Centaur  ana  enclosed 
within  a haanerhesd  shroud  of  l80-inches  diameter.  The  shroud  is  tied  Into 
the  Titan  oo  prevent  the  Centaur  tankage  from  realising  any  aerodynamic  load. 

. The  weight  of  the  planetary  vehicle,  however,  is  borne  by  the  Centaur.  This 
configuration  is  shown  in  figure  19  with  the  overall  Titan  III  i staek-up. 
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CONCLUSIONS 

The  conclusions  drawn  from  this  study  are  based  on  the  premise  that  a 
1973  Mars  mission  must  make  a significant  contribution  to  the  scientific 
community  at  minimum  cost  vhlle  biing  the  first  step  in  an  Integrated  program. 
These  conclusions  are  listed  below: 

1*  The  Titan  III  F/ Centaur  provides  performance  capability  for  mission 
growth  and  comaonality  of  hardware. 

2.  The  Flight  Capaule  diameter  of  lL.O  feet  provides  volume  for  all 

missions. 

3*  The  Capsule  could  be  one  of  the  following: 

Capsule  Sys.  Wt. 

a)  Probe  mission  (Voyager  Entry  Science)  231*0# 

b)  Lander  mission  (Voyager  Entry  4 SLS  Science)  3310# 

c)  Rover  mission  (Voyager  Science  4 50  Founds)  1*000# 

4.  The  following  coimnn  systems  should  be  used  for  the  three 

missions  (1973,  1975,  and  1977): 

a)  Bioshield 

b)  Deorbit  Propulsion  System 

c)  Aeroshell 

d)  Radars 

e)  Communications 

f)  Attitude  Control  System 

g)  Lending  Propulsion  System 
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5.  The  probe  mi  0 el  on  would  permit  additional  weight  to  be  put  into 
the  spacecraft  providing  additional  capability  in  such  areas  as  orbital  plane 
changes.  Increased  cosuunl  cations,  etc.,  compatible  wit h sit  sails  <1  Imagery 
objectives . 
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THE  FOLLOWING  GUIDELINES  ARE  PROVIDED  REUTIVE  TO  STUDIES 
AND  PLANNING  OF  POTENTIAL  MISSIONS  TO. MARS  IN  1973! 

GENERAL 

THIS  STUDY  SHALL  CONSIDER  A TITAN  III  CLASS  MISSION  TO  THE 
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PLANET  MARS  IN  1973.  THE  OBJECTIVE  OF  THIS. STUDY  IS  TO  EVALUATE 

As*  AMI 

THE  BASELINE  MISSION  SUBMITTED  TO  THE  CONGRESS*  AS  DEFINED  BELOW,  m * 

EIC 

TOGETHER  WITH  ALL  PROMISING  ALTERNATIVES,  TO  PERMIT  A MISSION  DE^ 

photo 

FINITION  FOR  THE  1973  OPPORTUNITY.  THE  EFFORT  IN  FY  i960  IS 
INTENDED  TO  ADVANCE  THE  STATE  OF  THE  ART  OF  SUCH  POTENTIAL 
MISSIONS  AND  Via  NOT  BE  DIRECTED  AT  A SPECIFIC  FLIGHT  PROJECT 
UNTIL  SUCH  A PROJECT  IS  AUTHORISED  BY  THE  ADMINISTRATOR. 

BASELINE  MISSION 
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THE  BASELINE  HISSION  INCLUDES  THE  FOLLOWING: 

1.  TWO  LAUNCHES  IN  1973. 

2.  LAUNCH  VEHICLE  TO  BE  EITHER  A TITAN  III  X < 1205 )/ CENTAUR 
OR  A TITAN  III  C WITH  MULTIBURN  SPACECRAFT  PROPULSION 
FOR  INTERPLANETARY  INJECTION  AS  WELL  AS  ORBIT  INSERTION. 

3.  EACH  LAUNCH  VEHICLE  TO  CARRY  A MARINER  71  CLASS  ORB ITER. 
AND  A ROUGH-LANDING  CAPSULE.  THE  CAPSULE  MAY  EITHER 
ENTER  THE  MARS  ATMOSPHERE  DIRECTLY  OR  FROM  ORBIT. 

4.  THE  1973  MISSION  IS  CONSTRAINED  A.  TOTAL  PROGRAM  COST 
OF  S385H,  INCLUDING  LAUNCH  VEHICLES.  THIS  IS  BELIEVED 

TO  BE  CONSISTENT  W JIN  THE  USE  OF  A MINIMUM -MODIFIED 
MARINER  71  ORBITER  AND  800  POUND  CLASS  ROUGH  LANDER. 

THE  JPL  CSAD  DESIGN  IS  TOO  SMALL  FOR  THIS  MISSION  BUT,  IS 
A GOOD  EXAMPLE  OF  THIS  TYPE  OF  LANDER. 

9*  THE  SCIENCE  OBJECTIVES  SHOULD  INCLUDE  THE  FOLLOWING! 

A.  ORBITER!  CARRY  PAYLOAD  SIMILAR  TO  MARINER  71 
••ENTRY  VEHICLE!  MEASURE  ATMOSPHERIC  TEMPERATURE, 

PRESSURE,  COMPOSITION,  AND  3-AXIS  ACCELERATION 
C.  LANDER!  TRANSMIT  LIMITED  IMAGERY  AND  MEASURE 
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ATMOSPHERIC  TEMPERATURE,  PRESSURE,  WIND,  SOIL 
COMPOSITION,  AND  SUBSURFACE  MOISTURE. 

THESE  ARE  OBJECTIVES  ONLY,  SUBJECT  TO  'THE  ABOVE  CONSTRAINTS. 

* * 

THE  FINAL  SELECTION. OF  INSTRUMENTS  WILL  NOT  BE  MADE  UNTIL 
AFTER  THE  SCHEDULED  1969  MARS  FLYBY. 

ALTERNATE  MISSION 

CONSIDERATIONS  SHOULD  INCLUDE  THE  FOLLOWING  ALTERNATES: 

1.  HARD  LANDERS,  WITH  OR  WITHOUT  ORBITERS,  DIRECT  ENTRY 
OR  OUT  OF  ORBIT  ENTRY 

2.  SOFT  LANDER,  WITH  OR  WITHOUT  ORBITERS,  DIRECT  ENTRY 
OR  OUT  OF  ORBIT  ENTRY 

MANAGEMENT 

, PROJECT'  MANAGEMENT  RESPONSIBILITY  FOR  THE  MARS  73  MISSION 
SHALL  BE  ASSUMED  TO  BE  AT  THE  LANGLEY  RESEARCH  CENTER.  LRC  SHOULD 
STUDY  AND  HAKE  APPROPRIATE  RECOMMENDATIONS  RELATIVE  TO  THE 

MANAGEMENT  AT  THE  SYSTEM . LEVEL.  POTENTIAL  AREAS  WHERE  JPL  CAN 
/ 

CONTRIBUTE  TO  THE  OVERALL  EFFORT  SHOULD  BE  INCLUDED  IN  THESE 

. I 

CONSIDERATIONS.  THIS  SHOULD  INCLUDE  SYSTEM  MANAGEMENT  OF  EITHER 
THE  ORBITER  OR  LANDER.  LRC  AND  JPL  SHOULD  DEVELOP  A rLAN  WHEREBY 
JPL  STUDIES  SUPPORTED  BY  OSSA  APNX  FUNDS  WILL  BE  IN  BUPPPu.77  OF  L!?0* 
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CONSIDERATION  SHALL  ALSO  BE  GIVEN  TO  THE  SIGNIFICANT 
INVOLVEMENT  OF  THE  LUNAR  AND  PLANETARY  MISSIONS  BOARD  IN  THE  PRO. 
GRAN  DEFINITION  ACTIVITY,  INCLUDING  THE  RELATIVE  MISSION  EMPHASIS 
BETWEEN  THE  ORBITER  AND  LANDER. 

STUDY  CONTRACTS 

IT  IS  REQUESTED  THAT  THE  HEADQUARTERS  PLANETARY  PROGRAM 
OFFICE  BE  FURNISHED  VITH  INFORMATION  COPIES  07  CONTRACTUAL  WORK 
STATEMENTS  AT  LEAST  THREE  WORKING  DAYS  PRIOR  TO  THEIR  RELEASE  10 
POTENTIAL  CONTRACTORS.  CONTRACTS  SHOULD  MEET  THE  GENERAL  GROUND. 
RULE  THAT  THEY  MUST  ADVANCE  THE  STATE  OF  THE  ART  OF  PLANETARY 
TECHNOLOGY,  RATHER  THAN  BE  OF  USE  TO  ONLY  ONE  SPECIFIC  MISSION. 
RESOURCES 

PLANNING  SHOULD  BE  BASED  ON  HAVING  ONLY  THE  APPLICABLE  APMT 
RESOURCES  IN  FY  68.  FY  69  FUNDING  OF  $20.0  N HAS  BEEN  REQUESTED. 
THE  TOTAL  RUNOUT  COST,  INCLUDING  LAUNCH  VEHICLES,  SHALL  BE 
APPROXIMATELY  $589.0  M. 

SCHEDULE  AND  REPORTING 

A STUDY  SCHEDULE  AND  REPORTING  ARRANGEMENT  CONSISTENT  WITH 
EXISTING  NASA  REQUIREMENTS  SHALL  BE  DEVELOPED  JOINTLY  BETWEEN  LRC 
AND  IK  HEADQUARTERS  PLANETARY  PROGRAM  OFFICE. 
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JOHN  E NAUGLE  ASSOCIATE  ADMIN  FOR 
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McNulty,  M/s  334 


MenO.,  A3P0  BevMfcer  X , 1966 

Mr.  Josm  S.  Nutla  Jr. 

Buad,  apacecraft  8t;v8tm  Section  • JYSD 
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With  it mi  c occlusion  of  the  study  p imam  for  the  1973  Here  Mission,  It 
appears  timely  for  me  to  «ranrtac  FVSD'e  effort*  in  tide  area  aad  to 
praeast  for  your  consideration  sae  coanoti  reffurdlng  the  1973  alsslon. 

Charts  1 and  2 sustoirlse  the  FV3D  effort  in-house  and  supervising 
contract*  from  the  1964  prcbe/lander  studies  to  t)s  present  mission 
node  studies* 

Chart  3 Illustrates  the  missies;  opticas  requiring  a selection  for  1973 
and  tJie  Items  influencing  this  decision*  It  Is  ascuacd  In  this  analysis 
that  the  euphoaie  is  on  a latkiex  iic3ian  and  no  orbit er  science  Is 
required,  the  orbiter  or  flyby  crxvcccrsft  serves  os  a lander  "bus"  sad 
relay  station*  The  Items  bearing  on  the  deal  an  oclectlon  ore  eost, 
risk;  sad  compatibility  with  technology  devwlopnoul. 

Chart  k details  the  coot  j.iideUnas  used.  Coots  vfcra  taken  fren  ASPO 
Progress  teport,  October  2,  1kx5.  Chart  5 present*  s simplified  uatriz 
of  nis*icn  options  showing  that  atsslon  costs  range  froa  |260  x 10° 
for  a direct  bard  lander  with  fl^by  nodule  to  * 10°  for  a soft  lander 
out-of-orbit.  When  the  funain^  level  has  been  detoralaed,  the  possible 
ilssione  one  he  defined  from  this  chart. 

Xn  like  wiener  to  the  cost  picture,  the  relationship  of  risk  to  mission 
mode  le  Illustrated  on  Chart  6.  In  general,  the  direct  made  represents 
a high  risk  mUslon  became  there  la  minimi  room  for  error  vberoa*  la 
the  out-of-orblt  node  one  can  trio  the  orbit  and  carefully  select  deoxblt 
conditions  for  ontry.  Eds,  in  turn,  allows  for  s shallower  entry  angle, 
mare  atmospheric  damping,  and  lcoa  donaads  on  the  decelerator  syetan. 

Chart  7 illustrates  tlm  ralstlonahip  between  ballistic  meter  (D),  entry 
angle  (7j;),  and  atmospheric  precaurete  allow  parachute  deployment  at 
tech  2.0  for  tbs  out-of-orbit  sad  direct  modes.  The  3 C*  entry  corridor 
ter  the  ouVof-oxbit  node  is  yell  defined)  aaximm  entry  angle  can  be 
veil  within  20°.  She  3 tf* entry  corridor  ter  the  direct  node  is  not  so 
vail  defined  and  Is  subject  to  how  optlntslte  one  is  about  the 
developing  technology;  eotirates  for  earl  mm  entry  angle  range  from 
23°  to  3D0  and  above.  Capsule  ballistic  austere  under  consideration 
are  la  0*3  to  0*4  range*  Cm  chart  shows  that,  for  the  out-of-csbit 
mode,  a 5 te  atmosphere  end  a)>  0.4  are  soteatlbie  at  * *°°  ard 
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that  ft  k wto  ataospbsrs  eaa  be  designed  fear  by  uplng  a B • 0*3  «M  an 
X • lfl°*  Even  using  an  optlalstle  fttim 7?  • 25°  f°r  the  direct 
entry  note,  B oust  be  lead  than  0.3  for  the  VU-3  ataospherc;  further, 
ft  b «d>  fttnoephore  Is  beyond  the  design  range.  Conclusion,  tb*  direct 
node  Is  ft  borderline  sOselon  for  B • 0*3. 

Chart  8 defines  the  relation  between  the  rlsslon  options  end  the  repaired 
technology  base.  Tbm  out-of-orbit  soft  loader  is  a standout  by  this 
criteria*  Xt  has  been  extensively  studied  and  la  veil  understood*  Xts 
node  of  chaUor  entry  alLawa  for  the  heaviest  capsules  end,  thus,  prepares 
ft  technology  base  Tor  future  missions  whereas  the  direct  entry  node  could 
be  a deed  end*  ©>e  Bating  of  the  Tltan/bentaur  cccfcinntlon,  needed  for 
future  heavy  payloads,  is  soother  plus* 

In  suMntlcn,  while  realising  tint  funding  tty  be  the  overriding  criteria, 
it  is  recounted  that  the  Tltan/Centnur  soft  lander  out-of-orbit  be 
given  very  serious  consideration*  Chart  9 sunrises  its  characteristics* 
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CHART  1 


Missions  Studied  By  FVSD  (In-House) 


A MARS  ATMOSPHERIC  PROBE  MISSION  * IMP- 328 

(Atlas /Centaur , Mariner  Flyby,  and  Uoo-Pound  Capsule  - 1971  Mission) 
Presented  at  OSSA  In  Washington,  D.C.,  February  i960. 

MODAL  AND  DESIGN  COMPARISONS  *0R  THE  VOYAGER  CAPSULE  - LWP-326 

(Proposed  O it- Of- Orbit  Concept  with  Parachute  and  Retro  Landing) 
Presented  at  Joint  OSSA,  QAFvT,  and  JPL  meeting  in  Washington,  D.C., 
September  1966. 

VOYAGER  CAPSULE  BUS  SYSTEM  BASELINE'  AND  MISSICR  MODE  DESCRIPTION  - 
1973  Mission  CM  SATURN  V;  IWP-473 

A DESIGN  APPROACH  FOR  A COMM  CAPSULE  BUS  SYSTEM  FOR  SATURN  V - 
VOYAGER  MISSIONS  - UfP-625 

(Becomaanded  system  weight  allocations  for  1971  Compatible  with 
Conran  Subsystem  Growth  Considerations)  ♦ 

A BUILDING  BLOCK  APPROACH  TO  MARS  AND  VStWS  PLANETARY  MISSICKS  IN  THE 
l9TO's  UTILIZING  A MCDUIAR  SPACECRAFT  - LWP-L83 

(Parametric  Analyses  Using  Titan  III  C - III  ? For  Multi-Missions 
With  Propulsion  Changes  on  Common  Spacecraft) 

Transmitted  to  OSSA  in  November  1967* 

STUDY  OP  TITAN  m F ( CENTAUR'S  CAPABILITY  TO  CARRY  CUT  A "VOYAGER-TYPE" 
KCSSICN  - IWP-5VT 

(Revealed  Compatibility  of  LV  with  "Voyager"  Objectives  Including  A 
Rover*  Urged  Start  of  Titan/Centaur  Mating  for  Maximum  Mission 
Benefits) 

Presented  at  Joint  Meeting  of  LRC's  PMESC  and  Washington  Representatives 
(068A  and  CART). 
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Contracts  Monitored  'By  FVSD 


AFCO  Prdbe/Lander  Study  (Dec  sober  1964  - May  I96 6) 

Saturn  IB  to  Saturn  V 
Entry  fits  Approach  and  Orbit 
Hard  Lander,  Descant  TV* 

Martin  And  McDonnell  Phase  B Voyager  (February  1967  - September  1967) 
Saturn  V 
Entry  from  Orbit 
Soft  Lander 

Ifcrtln  Mission  Mode  Study  (April  196B  - October  1966) 

Titan  Family 

Entry  from  Approach  and  Orbit 
Soft  Under 


Attuned  Cortg . 


• Uad*n  £ , 

Bud  (1400#)  - 1170  x lof  } »Am. 

Soft  (1700#)  - *210  x lo  j tcieoc* 


t fiflieaeitft 

n»toy  Nodal*  (400#)  - 1 50  x 10$ 

Mod*  fortucr  Oxtolter  - il00  x 10° 

(700#) 


• lionet  Vehicle*  , 

tltaa  11IC  - * 40  x lot 

VMM  XXX  C/Ceatoor  - * 50  x 10® 
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Decelerator  Sgrctca  Rtqui^e*  &es • Xltitud*  For  Sard  Lxadmr 


Mlaaloo  Technology  Baag 
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K&'tMft&d  Titan /Centaur 
,^/tt  Lander  Out-Of-Orfrit 


• Best  UnAerstood  Mission 

e Smallest  Rie>,  Flexible  In  Operational 

Sense  - 

• Lowest  g's  for  Instrument  Development 

e Provides  Platform  for  Instrument 
Deployment 

e Less  Demanding  on  Deeelexutor  Systems 

e Bss  Growth  Possibilities  With  Same 
Technology 
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There  are  no  primary  flight  capsule  concept  differences  re- 
sulting from  the  selection  of  mission  mode.  Both  the  direct  and 
out-of-orbit  modes  are  equally  feasible,  although  the  direct  mode 
entry  environments  arc  slightly  more  severe.  The  main  differences 
between  the  modes  are  concentrated  in  the  flexibility  and  con- 
fidence in  mission  operations.  The  specific  conclusions  are  tab- 
ulated below  and  on  the  following  page. 

Out-of-orbit  mode  recommended. 

Of  the  point  designs  studied,  Configuration  IB  flO.S-ft  aeroshtll, 
Bg  m 0.35 j is  recommended.  ' 

Titan  UlC/Centaur  launch  vehicle  required  for  either  mission  mode 
when  orbiter  science  capability  is  desired. 

Bulbous  shroud  required  for  direct  mode,  and  probably  required  foi 
out-of-orbit  mode  when  using  a Mach  2 parachute,  VM  atmopshere, 
6000-ft  terrain  height,  and  107.  margins. 

Targeting  capability  is  the  same  in  either  mission  mode  when  con- 
sidering only  flight  profile  constraints.  However,  superimposing 
any  time  or  orientation  constraints  decreases  the  direct  mode  land- 
ing rite  selection  flexibility. 

Accuracy  of  atmosphere  structure  determination  not  significantly 
different  between  mission  modes. 

Science,  propulsion,  telecotmunications , power  and  pyrotechnics , 
i and  thermal  control  (autonomous  capsule  excepted)  subsystems  are 
not  affected  by  mission  mode  choice. 

All  subsystem  components  arc  either  present  state-of-the-art  tech- 
x no logy  or  can  be  developed  for  the  1973  launch  opportunity. 

Terminal  descent  and  landing  radar  (TDLR) , altitude  measuring 
radar  (AKR)  antenna,  inertial  measurement  unit  (l.fU),  engines, 
Isotope  heaters,  steriliaable  batteries,  sterilizable  solar  cell 
adhesives,  aerodecelerators,  and  certain  science  components  are 
long  lead  efforts  which  "Hist  start  in  Phase  C. 
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1-0  PROJECT  OBJECTIVES  AND  DESCRIPTION 

1.1  General 

The  Viking  Project  is  part  of  a program  for  the  exploration 
of  Mars  with  the  use  of  unmanned  spacecraft.  The  Mariner  IV  initiated 
this  program  by  performing  scientific  investigations  during  a flyby  of 
the  planet  in  mid-1965.  Mariner  '69,  Mariner  *71,  and  Viking  will 
continue  this  exploration  program.  The  Mariner  ’69  Project  will  conduct 
two  flyby  missions  with  Mars  encounters  occurring  In  mid-1969.  The 
Mariner  '71  Project  will  conduct  two  orbital  missions  to  be  performed 
in  late  1971.  The  Viking  mission  will  utilize  the  1973  opportunity  to 
conduct  scientific  investigations  from  Mars  orbit,  during  entry,  and  on 
the  surface.  This  will  be  the  first  opportunity  in  the  Mars  exploration 
program  to  obtain  direct  measurements  within  the  Mars  atmosphere  and  on 
the  Mars  surface. 

1.2  Project  Objectives 

The  general  objective  of  the  Viking  Project  ic  to  obtain,  using 
Spacecraft  consisting  of  a Lander  and  an  Orbiter,  scientific  data  whlch- 
wiU  significantly  increase  our  knowledge  of  Mars  with  particular  emphasis 
on  providing  information  relevant  to  life  on  the  planet. 

The  Lander  surface  and  entry  science  measurements  are  of 
primary  Importance  in  satisfying  the  Project  objectives.  The  surface 
measurements  are  to  visually  characterize  the  landing  sites,  search  for 
organic  compounds,  search  for  the  pretence  of  living  organisms  and 
Investigate  the  ability  of  the  environment  to  support  life.  Entry 
measurements  will  Investigate  atmospheric  composition  and  structure. 

The  Orbiter  science  measurements,  which  will  be  utilized  in 
a manner  that  will  maxim! te  the  usefulness  of  the  landed  science  measure* 
menta,  will  provide  gross  area  surveillance  of  the  landing  area  and  will 
study  the  dynamic  characteristics  of  the  planet  and  its  atmosphere 
from  orbit.  In  addition,  the  Orbiter  wJll  relay  data  from  the  Lander 
to  'Earth. 

The  detailed  objectives  to  be  accomplished  in  satisfying  the 
Viking  Project  objectives  ere  specified  in  section  U.O  of  appendix  1. 
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1.3  Project  Description 

Tiro  Viking  Spacecraft,  each  consisting  of  an  Orbiter  and  a 
Lander,  will  be  used  to  accomplish  the  Viking  Project  objectives.  The 
Spacecraft  will  be  separately  launched  by  Titan/Centaur  Launch  Vehicles 
from  the  Eastern  Test  Range  during  the  1973  Mars  launch  opportunity. 

£ach  Spacecraft  will  be  placed  into  orbit  about  Mars.  The  scientific 
instruments  onboard  the  Orbiter  will  be  used  to  obtain  data  to  aid  in 
the  selection  of  landing  sites  for  the  Lander.  After  the  landing  site 
baa  been  selected,  the  Lander  will  separate  from  the  Orbiter  and  descend 
to  the  designated  landing  area.  The  Lander  will  make  scientific  measure- 
ments during  entry  and  on  the  surface  of  Mars.  The  Orbiter  will  act  as 
a relay  station  between  the  Lander  and  Earth,  obtain  periodic  coverage  of 
the  Lander  surroundings,  and  make  scientific  measurements.  The  Deep 
Space  Instrumentation  Facility  and  the  Space  Flight  Operations  Facility 
will  be  utilized  for  tracking,  command,  data  reception,  and  control. 

Management 

Viking  Program  management  is  at  RASA  Headquarters,  Office  of 
Space  Science  and  Applications,  Office  of  Planetary  Programs.  The  Langley 
Research  Center,  Viking  Project  Office,  has  responsibility  for  the  overall 
Viking  Project  management,  the  Lander  System,  the  Spacecraft  System,  and 
the  Launch  and  Plight  Operations  System.  The  Jet  Propulsion  Laboratory 
Is  responsible  for  and  will  furnish  the  Orbiter  System  and  the  Tracking 
and  Data  System.  The  Lewis  Research  Center  is  responsible  for  and  will 
furnish  the  Launch  Vehicle  System.  Figure  1 defines  the  management 
structure. 

1.5  Hardware  Terminology 

Tha  hardware  terminology  used  in  this  Statement  of  Work  Is  given 
la  table  1 and  figures  2 and  3. 

2.0  SCOPE 

The  Contractor  shall  provide  all  services,  materials,  facilities,  and 
OfOlpment,  except  those  provided  by  the  Government , necessary  to  furnish  a 
Viking  lander  8ystem.  He  shall  also  provida  all  services,  materials, 


REPRODUCIBILITY  OF  THfc 
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facilities  and  equipment,  except  those  provided  by  the  Government, 
required  to  integrate  the  Lander  into  the  Spacecraft  and  the  Spacecraft 
Into  the  Space  Vehicle  as  defined  herein.  The  Contractor  shall  provide 
the  management,  overall  planning,  Integration,  control,  and  operations 
necessary  to  successfully  carry  out  all  aspects  of  this  Statement  of  Work. 

3*0  (XWERIWOT-TOWISHED  DATA,  EQUIPMENT,  FACILITIES , AND  SUPPORT 
The  listed  Items  are  to  be  considered  Government- furnished  for 
purposes  of  accomplishment  of  the  tasks  described  In  section  ^*0. 

3.1  Launch  Vehicle  System 

3.1.1  Two  T1  tan/Centaur  Launch  Vehicles  vith  nose  fairing  and 
supporting  services  (fig.  ^ and  appendix  2). 

3.1.2  Ti tan/Centaur  ITL  facilities  (integration  - Transfer  - 
Launch)  at  the  Eastern  Test  Range  (ETR)  (appendix  2). 

3.1.3  Launch  Vehicle  injection  errer  analyais  (appendix  2). 
3.1.k  Ti  tan/Centaur  estimated  injected  payload  capability 

(fig.  5). 

3.1.5  Spacecraft  axes  definition  (fig.  6). 

3.1.6  Targeted  launch  trajectories  and  firing  tables. 

3.1.7  Supporting  services  to  launch  the  Titan/Centaur. 

3*1.6  Launch  Vehicle  test  lteaa  required  for  Spacecraft 

interface  taata. 

3.2  flrbiter  System 

3.2.1  Three  flight- qua  11  fled  Crbiters  (appendix  3)  including 
the  Spacecraft  Launch  Vehicle  adapter  (fig.  2). 

3-2.2  Orblter  test  models  and  AGE. 

3.2.3  Supporting  servlets  to  operate  the  Orblter  during  all 
Spacecraft  level  teats. 

3.3  gy»t<a 

3.3.1  Flight- qua  11  fled  Radioisotope  Thermoelectric  Generator 
Systems  (appendix  b). 

3-*»  launch  tad  Flight  Qp.r«tlon«  Syit.a 
3.^.1  Launch  Operation# 

3.W.1.1  Spacecraft  facilities  at  KSC/ETR  (appendix  5)* 
3. *.1.2  Range  facilities  of  ETR  and  KSC  (appendix  5)* 
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3*4  1-3  Building  and  building* services  at  ETR  to 
bouse  and  support  Contractor- furnished  sterilisation  equipment. 

3*4. 1.4  Facility  equipment  which  is  defined,  as  all 
equipment  other  than  AGE,  OSE,  mechanics  hand  tools  and/or  office  supplies 
that  are  required  by  the  Contractor  to  support  operations. 

3*4. 1.5  The  services  and  facilities  to  mate  the 
Spacecraft  with  the  Launai  Vehicle. 

3*4.2  Flight  Operations 

3.^.2. 1 Facilities  and  equipment  of  the  Tracking  and 
Data  System  and  support  services  required  to  provide  this  system  for 
the  Contractor's  use  (appendix  AGE,  OSE,  hand  tools,  and  office 
supplies  sre  excepted. 

3* 4 *2. 2 Plans,  estimates  of  trajectory  control 

t capability,  procedures,  software  programs , and  personnel  in  an  Integrated 

system  to  perform  the  design  and  operational  execution  of  the  precision 
navigation  task  of  the  Project  from  interplanetary  injection  to  the 
establishment  oi  the  orbit  from  which  the  Lander  descent  to  the  planet 
vlll  be  made.  Thereafter,  to  perform  the  same  function  for  the  Orb  iter. 

; 3*4.2. 3 Plans,  procedures  software  programs  and 

t 

\ personnel  in  an  integrated  system  to  perform  the  design  and  operational 

* 

5 e— eetlOB  of  the  -tasks  required  to  analyze  the  performance  of  the  Orbiter 

' from  launch  to  completion  of  the  mission* 

3* 4.2. 4 Post- landing  position  determination  of  the 
| Lander  for  mission  operations  use. 

j 3.5  $•£* 

3*5*1  Mars  Engineering  Model  (appendix  7). 

j 3*5*2  Navigation  Capability  Estimate  (appendix  6). 

\ 

\ 4.0  CONTRACTOR  TASKS 

' The  Contractor  shall  manage  and  control  his  effort  in  accordance 

( with  plans  specified  in  the  tasks  of  this  section.  All  such  plans  shall 

| be  developed  by  the  Contractor,  updated  as  necessary,  and  suomi tted  for 

1 Langley  Research  Center  approval  or  review,  as  required. 


k 
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*.l  Management  and  Technical  Integration 

The  Contractor  shall  provide  the  management,  overall  planning. 
Implementation,  and  control  necessary  to  successfully  carry  out  all 
aspects  of  this  Statement  of  Work.  Ke  shall  accomplish  the  overall 
technical  integration  of  the  Viking  lander,  Orblter,  Spacecraft,  Launch 
Vehicle,  associated  ground  support  equipment,  software,  launch  and  flight 
operations,  and  supporting  services.  Rls  planning  shall  recognise  other 
Government  and  Contractor  agreements.  The  tasks  below  are  by  way  of 
description  and  not  limitation: 

*.1.1  Management 

Ths  Contractor  shall  manage  and  control  his  effort  In 
accordance  with  an  approved  Managmsent  Plan  which  shall  Include  his 
orpnlzatlonal  concept  and  employment  of  resources  (manpower,  facilities, 
etc.),  his  plan  for  providing  effective  control,  the  identification  of 
the  systems  to  be  used  in  reporting  to  the  Langley  Research  Center  In 
order  to  implement  this  Statement  of  Work.  In  developing  and  implementing 
the  plan,  the  Contractor  shall  Include  the  requirements  contained  in 
appendix  9* 

*.1.1.1  Master  Schedule  - The  Contractor  shall  develop 

j 

a Master  Schedule  which  will  Include  all  major  elements  of  the  Vising 
j Project.  The  approved  Master  Schedule  shall  te  maintaineu  by  *,ie  Contractor. 

| *.1.2  Configuration  Control 

f The  Contractor  snail  develop  and  implement  a Configuration 

l Control  ~ "gram  based  on  an  approved  ;hn.  The  pirn  shall  describe  the 

oontrol  and  reporting  effort  associated  with  the  Lander  System  and  the 
Interfaces  with  other  viking  Systems. 

*.1.3  Planetary  Quarantine 

i *.1.3-1  Policy  - Ths  Contractor  shall  adhere  to  a 

probability  of  contamination  par  launch  of  last  than  1 X 10"6  for  each 

1 landing  vehicle  and  3 X Kf ^ for  all  other  flight  hardware.  The  period 

of  quarantine  la  20  years  from  tbs  first  known  landing  cm  the  planet. 

*•  1.3*8  Planetary  Quarantine  Program  - The  Contractor 
shall  develop  and  Implement  a Planetary  Quarantine  Program  for  the 
evmrall  mission  in  accordance  with  an  approved  plan  which  Is  consistent 
with  section  *.1-3-1  and  ddeb  satisfies  ths  requirements  and  constraints 
stated  in  appendix  10. 
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b.1.4  Mission  Assurance 

4.1.4. 1 Project  Mission  Assurance  Program  - The 
Omtractor  shall  develop  and  implement  a Project  Mission  Assurance 
Program  In  accordance  with  on  approved  plan  which  is  In  conforaance 
with  appendices  11,  12,  and  13.  The  Contractor  will  not  be  responsible 
for  mission  assurance  activities  related  to  Government- furnished 

Project  elements.  However,  he  shall  utilize  and  incorporate  in  his  analy.  es  end 
program  the  mission  assurance  data  provided  by  the  Government  on  those 
elements. 

4. 1.4.2  leader  System  - The  Contractor  shall  accomplish 
the  following  Lander  mission  assurance  activities  in  accordance  with 
approved  plans. 

4. 1.4.2. 1 Reliability  assurance  - The 
Contractor  shall  develop  and  Implement  a Zander  System  Reliability 
Assurance  Program  in  accordance  with  appendix  11  as  modified  by  appendix  12. 

4. 1.4. 2. 2 Quality  assurance  - The  Contractor 
4mll  develop  and  implement  a lander  System  Quality  Assurance  Program  In 
accordance  with  appendix  13. 

fc.1.5  Reviews 

The  Contractor  shall  plan,  conduct,  and  participate  In 
technical  and  management  reviews  related  ~o  Ms  work  effort.  The 
Contractor  shall  participate  in  but  will  not  be  responsible  for  reviews 
covering  the  design  cf  Government-furnished  equipment  (GPS).  However,  he 
dball  include  in  his  reviews  hose  Interface  factors  with  GTE  affecting 
Ida  effort  under  this  Statement  of  York.  The  Contractor  shall  submit  for 
approval  a review  plan  and  agenda  preceding  each  review.  Reviews  shall 
Include  at  leaet  overall  Project  reviews,  design  reviews  of  fUtfit  bard- 
mare  and  supporting  ground  equipment  and  related  software,  acceptance 
reviews,  launch  and  flight  readiness  reviews,  and  post  flight  analysis 
•unary  reviews.  One  speclfld  review  required  is  e NASA  management  deal?) 
review  aim  mo  ths  after  contract  go-ahead  which  shall  cover  all  alemants 
•f  the  fvejeet. 

4»1*(  pate  hmigflsmt 

the  Oemtractcr  shall  prepare  e Pete  Ifcingsmsnt  flam  tor  approval, 
that  plan  Shall  list  all  required  documents,  Inoludlig  Government  furnished, 
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the  schedule  on  which  they  sre  needed,  and  their  control  and  traceabilit. 

The  ccntrollirg,  Contractor- prepared.  Project  document  sha.il  be  the 
VI : 'ng  Mission  Specification.  The  Contractor  shall  prepare  all  documents 
related  to  hit  vitsks  and  Identify  whether  they  shall  be  submitted  for 
approval,  review,  or  Information.  An  approval  document  requites  formal 
Langley  Research  Center  approval  before  implementation.  A review 
document  permits  inplenentatlon  if  Langley  Research  Center  reaponse  la 
not  received  within  an  agreed-upon  period  of  tine.  Information  documents 
do  not  require  Langley  Research  Center  response. 

1.7  Logistics 

The  Contractor  shall  plan  and  provide  all  logistics 
affecting  his  tasks  under  this  Statement  of  Work  in  accordance  with  an 
approved  plan.  He  la  not  responsible  fcr  logistics  of  Government- furnished 
Items  until  they  are  delivered  or  otherwise  interface  with  his  tasks. 

*.1.8  Spares 

The  Contractor  shall  provide  spares  for  the  equipment 
he  furnishes  as  necessary  to  assure  a high  probability  of  mission  success. 
The  Spares  Plan  shall  be  submitted  for  review. 

*.1.9  Safety 

The  Contractor  shall  accomplish  all  effort  under  this 
Statement  of  Work  in  accordance  with  an  approved  Safety  Plan  which  is  in 
conformance  with  appendices  1*  end  15.  He  shall  also  comply  with  all 
applicable  Federal,  State,  and  local  lews,  regulations,  ordinances,  and 
codes  relating  to  safety.  The  Contractor  shall  Immediately  report  to  the 
Langley  Heseerch  Center  any  accident  or  Incident  resulting  in  a fatality, 
disabling  Injury  or  property  loss  of  $10,000  or  more  or  which  causes  serial* 
delay  endangering  the  meeting  of  required  launch  dates.  The  Contractor 
shall  thoroughly  Investigate  all  such  accidents  and  incidents  and  furnish 
the  Iangley  Research  Center  with  s report  of  the  findings  and  the  proposed 
and/or  completed  corrective  actions  to  prevent  recurrence.  The  Contractor 
shall  assure  that  his  subcontractors  adhere  to  the  approved  Viking  Safety 
Plan  and  ovher  applicable  safety  procedures. 
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U.1.10  Technical  Integration 

The  Contractor  shall  accomplish  All  technical  integration 
required  to  achieve  the  Project  objectives,  such  as:  integration  of  the 

Viking  lander  Capsule  and  Viking  Orbiter  to  produce  the  Viking  Spacecraft; 
integration  of  the  Viking  Spacecraft  with  the  Launch  Vehicle;  integration 
of  the  Viking  Spacecraft  with  the  Tracking  and  Data  System,  etc.  This 
work  shall  be  accomplished  in  accordance  with  approved  plans.  All 
planning  and  implementation  affecting  other  Agencies  and  Contractors 
shall  be  accomplished  through  the  Langley  Research  Center. 
k.2  Science  Integration 

The  Contractor  shall  integrate  all  science  requirements  that 
affect  the  achievement  of  Lander  science  objectives.  The  Lander  science 
requirements  will  be  provided  by  th<  Langley  Research  Center  as  a part  of 
the  periodic  mission  definition.  Appendix  1 Is  the  first  such  mission 
definition.  The  schedule  for  subsequent  definitions  is  given  in 
appendix  1 6.  The  Contractor  shall  Incorporate  this  mission  definition 
schedule  in  his  overall  planning. 

It. 2.1  Requirements 

The  minimum  scientific  Investigation,  lifetime,  and 
landing  site  requirements  shall  be  as  defined  in  appendices  1 and  IT* 

The  Contractor  shall  conduct  performance  analyses  to  insure  that  these 
can  be  net  or  exceeded.  He  shall  define  the  quality  and  quantity  of  data 
to  be  returned  for  each  scientific  investigation  as  a function  of  significant 
Spacecraft,  mission,  and  operations  functions.  These  analyses  shall 
Include  coverage,  measurement  accuracy,  measurement  range,  etc.  Each 
analysis  shall  be  submitted  for  review. 

h.2.2  Integration  Plan 

The  Contractor  shall  develop  and  submit  for  approval  a 
8clance  Integration  Plan  which  includes  all  requirements  affecting  Lander 
•cldhce  objectives.  The  plan  shall  consider  items  such  as  schedules, 
reviews,  and  the  interface  requirements  between  the  Viking  Project  Office, 
the  Contractor,  and  the  Scientists  participating  in  the  Viking  Project. 

This  integration  plan  shall  utilise  appendices  1 and  16. 
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4.2.3  Strategy 

The  Contractor  shall  develop  and  update  as  necessary 
the  strategy  for  site  selection,  the  complementary  use  of  the  Lander 
and  Orbiter,  and  the  use  of  two  Spacecraft.  The  strategy  shall  be  consistent 
with  appendix  1.  The  strategy  shall  consider  the  Spacecraft,  mission, 
operations  capabilities,  stay  time  in  orbit  before  Lander  release,  real 
time  data  analysis,  and  other  pertinent  factors.  This  strategy  shall  be 
documented  and  submitted  top  approval.  Recommended  modifications  to  the 
Orbiter  and/or  Orbiter  science  instruments  relevant  to  strategy  shall  also 
be  submitted  for  approval.  The  Government  will  implement  any  approved 
modifications. 

4.2.4  Lander  Constraints 

The  Contractor  shall  design  a Lander  to  meet  the 
constraints  defined  in  sections  4.2.4. 1,  4. 2. 4.2,  4. 2.4. 3,  and  4. 2.4. 4 
and  others  dictated  by  his  specific  design,  The  Contractor  shall,  conduct, 
where  necessary,  a test  program  to  demonstrate  that  the  constraints 
have  been  met. 

4.2.4. 1 Radiation  - The  design  shall  be  such  that  the 
Lander  science  instruments  be  protected  from  onboard  radiation.  Protection 
requirements  for  the  Government- defined  instruments  are  given  in 

section  5.5.S  of  appendix  l8.  Protection  from  external  radiation  shall 
be  provided  if  necessary  to  assure  a high  probability  of  proper 
Instrument  performance. 

4.2.4. 2 Sample  Acquisition  - The  organic  analysis, 
biological,  and  bound  water  investigations  require  that  multiple  samples 
of  Martian  soil  be  delivered  to  the  science  Instruments.  The  Contractor 
•hen  deliver  a soil  sample  of  at  least  5 cubic  centimeters  for  each  of  ihe 
analyses  defined  in  appendix  1. 

Tat  Lander  Capsule  design  shall  be  such  that 
the  soil  samples  uaed  for  the  biological  Investigation  consist  of  00  per- 
cent or  mere  Mars  soil  that  has  been  heated  to  no  more  than  10"C  above  the 
surface  temperature  at  the  landing  site  for  the  day,  of  the  analysis. 
Consideration  shall  be  given  to  hasting  by  the  terminal  propulsion  system, 
snmplo  collection  and  delivery  system,  and  all  other  external  source*. 
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The  Lander  Capsule  design  shall  be  such  that 
•oil  samples  used  for  the  organic  analysis  and  tound  water  investigations 
•re  heated  to  no  more  than  ^0#C  above  the  local  surface  temperature  at 
the  time  of  sample  gathering  during  the  sample  collection  and  delivery 

process. 

The  Lander  Capsule  design  shall  be  such  that 
the  soil  samples  used  for  the  organic  analysis  Investigation  contain  leas 
than  one  part  per  10  million  organic  material  released  from  the  Lander 

Cepeule* 

The  Lander  Capsule  design  shall  be  such  that 
soil  samples  used  for  the  bound  valer  investigation  consist  of  less  than 
one  part  per  10  million  water  released  from  or  produced  by  the  Lander 
Capsule. 

U.2.4.3  Water  - The  Lander  Capsule  design  shall  be  such 
that  the  humidity  and  free  water  investigation  environments  consist  of 
less  than  ooe  part  per  10  million  water  released  from  or  produced  by  the 
Lander  Capsule. 

Entry  Data  Return  - The  Lander  Capsule  design 
shall  be  such  that  all  entry  data  are  obtained  independent  of  landing 
success.  It  Is  desirable  that  as  much  entry  data  as  practical  be  stored 
onboard  the  lander  for  subsequent  transmission  in  case  of  relay  link 
malfunction. 

*•3  Mission  Analysis  and  Design 

U.3.1  Mission  Analysis  and  Design  Plan 

The  Contractor  shall  prepare  for  approval  a Viking  Project 
Mission  Analysis  and  Design  Plan  describing  all  aspects  of  the  Project 
mission  analysis  tnd  design  activities  from  contract  go-ahead  through  the 
post- flight  analyses  of  the  mission.  This  plan  shall  be  consistent  with 
the  Viking  Mission  Definition  (appendix  1)  and  shall  use  the  Government- 
supplied  capabilities  and  constraints  for  the  Launch  Vehicle,  OrMter,  and 
Tracking  and  Data  8ysteas  (appendices  2,  3,  and  6). 
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4.3-2  Parametric  Mission  Analyses 

The  Contractor  shall  perform  and  utilize  all  parametric 
mission  studies  required  to  establish  design  limits  for  Project  hardware 
and  software.  These  studies  shall  be  based  on  the  environments  described 
in  appendix  7.  The  design  limits  shall  be  derived  from  parameter  ranges 
resulting  from  parametric  studies  of  missions  targeted  to  land  anywhere 
between  20°S  latitude  and  30*N  latitude.  The  Contractor  shall  also 
Investigate  parameter  ranges  and  corresponding  systems  requirements 
resulting  from  missions  targeted  to  land  between  30*N  latitude  and  75*N 
latitude.  In  addition,  he  shall  perform  parametric  studies  for  alternate 
sdaslon8  corresponding  to  partial  system  failures.  Based  on  the  results 
of  these  studies,  the  Contractor  shall  recommend  suitable  system  design 
requirements  for  all  elements  of  the  Project.  Ifcese  shall  be  included  in 
a Viking  Mission  Specification  Document.  After  the  various  hardware  and 
software  system  designs  have  been  established  and  approved  by  the  Langley 
Research  Center,  the  Contractor  shall  analyze,  define,  and  document  the 
capabilities  of  the  various  systems  to  perform  nominal  and  alternate 
missions  and  update  as  required. 

4.3*3  Mission  Design 

4* 3* 3*1  Reference  Mission  Design  - Based  on  the  results 
of  the  parametric  tai salon  analyses  and  the  resulting  Viking  System 
capabilities  the  Contractor  shall  analyze  in  detail  a limited  number  of 
nominal  and  alternate  reference  missions.  These  shall  be  developed  in 
accordance  with  the  mission  definitions  Indicated  in  appendix  16.  The 
reference  missions  shall  include  the  strategy  for  the  use  of  two  space- 
craft and  b'  developed  in  sufficient  detail  to  permit  analyses 
which  cannot  be  conducted  on  the  basis  of  parametric s. 

These  analyses,  which  the  Contractor  shall  perform,. shall  include  preliminary 
operations  planning,  development  of  specific  sequences  of  events,  development 
of  programer  and  command  requirements,  estimates  of  the  quality  and 
quantity  of  the  scientific  date  to  be  returned,  and  the  requirements  for 
trajectory  control. 
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U.3*3*2  Operational  Mission  Design  - In  response  to 
Mission  Definition  No.  h9  appendix  l6,  the  Contractor  shall  perform 
mnA  document  the  detail  design  of  the  operational  missions.  The  overall 
operational  mission  designs  shall  cover  (for  nominal  and  alternate 
missions)  the  entire  mission  from  lift-off  to  cessation  of  data  return 
f*om  Mars,  and  shall  include  at  least  a definition  of  the  launch  arrival, 
landing  and  end-of- mission  periods,  the  sequences  of  events,  space w^-a ft 
control  parameters,  the  trajectories  and  trajectory- related  parameters, 
the  requirements  for  trajectory  control,  and  an  analysis  of  the  science 
data  to  be  returned* 

k.k  Orblter  System 

the  Contractor  shall  recommend  to  the  Langley  Research  Center 
for  approval  the  interface  requirements  between  the  Viking  Orbiter  System 
(ves)  and  other  Viking  systems.  The  Contractor  shall  identify  and  control 
through  the  Langley  Research  Center  all  technical  and  schedule  interfaces 
related  to  the  VOS  as  they  affect  his  tasks  under  this  Statement  of  Work. 

k.k.l  Orbiter  Baseline  Description 

A description  of  the  Government- furnished  Orbiter  baseline 
design  is  given  in  appendix  3.  The  Contractor  shall  participate  in  the 
development  of  the  final  Orbiter  design  by  defining  Orbiter  requirements 
as  part  of  his  Spacecraft  integration  task.  Orbiter  requirements,  as 
approved  by  the  Langley  Research  Cente~,  will  be  implemented  by  the 
Government. 

k.4.1.1  Orbiter-Mounted  Lander  Support  Equipment  - The 
Contractor  shall  develop  the  requirements  and  performance  specifications 
for  all  Orbiter -mounted  Lander  support  equipment. 

4.U.1.2  Orbiter  Baseline  Modifications  - The  Contractor 
shall  identify  any  Orbiter  baseline  modifications  which  would  enhance  the 
achievement  of  the  Project  objectives. 

U.4,2  Test  Models  and  Simulators 

fc.fc.2.1  The  Contractor  shall  furnish  Lander  test  models 
and  simulators  for  Orbiter  development  and  testing. 
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4. 4. 2*  2 The  Contractor  shall  identify  and  submit  for 
approval  the  requirements  for  Orbiter  test  models  and  simulators  for 
Lander  development  and  testing. 

4,4.3  Interface  Identification  and  Control 

The  Contractor  shall  identify  and  control  through  the 
Langley  Research  Center  all  technical,  schedule,  and  other  interfaces 
between  the  Lander  and  Orbiter. 

4.5  Lander  System 

4.5.1  General  Requirements 

The  Contractor  shall  accomplish  ell  activities  such  as 
design,  development,  fabrication,  and  assembly  of  the  Viking  Lander  System. 
The  associated  testing  responsibility  is  identified  in  section  4.7  of 
this  Statement  of  Work.  Three  flight- ready  Lander  capsules  are  to  be 
provided  and  be  mated  with  the  Government- furnished  Grbiters:  two  of 

the  resulting  Viking  Spacecraft  shall  be  mated  with  and  launched  on 
separate  Launch  Vehicles  in  the  Mars  1973  launch  opportunity;  the  third 
will  be  a flight  backup.  Additional  Lander  capsules  as  well  as  components, 
subsystems,  and  systems  shall  be  furnished  by  the  Contractor  to  support 
the  development  and  testing  activities. 

4.5.2  Performance  Requirements 

4. 5. 2.1  General  - The  Viking  Lander  Capsule  consists  of 
■any  components,  subsystems,  and.  systems  which  must  function  an  overall 
Interrelated  manner  to  accomplish  a soft  landing  and  provide  the  required 
entry  and  surface  science  measurements.  Delineated  below  are  only  those 
systems  for  which  there  are  special  requirements.  Constraints,  including 
those  given  in  section  4.2,  shall  be  adhered  to  by  the  Contractor  in 
designing  the  Lander. 

4. 5. 2.2  Science  - The  Contractor  shall  furnish  all 
required  entry  and  surface  science  instruments  in  accordance  with 
appendices  1,  16,  17  and  lfl. 
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4.5«2.3  Power  - The  Contractor  shall  provide  a Lander 
power  system  that  utilizes  Radioisotope  Thermoelectric  Generators  (RlG's) 
for  power  generation.  A baseline  design  description  of  the  RTG,  which 
will  be  Government -furnished,  is  given  in  appendix  4.  The  Contractor 
shall  identify  to  the  Langley  Research  Center  for  approval 
any  changes  required  to  the  baseline  RTG  design  in  order  to  satisfy  Lander 
power  and  integration  needs.  The  Contractor  shall  prepare  the  Safety 
Analysis  Report  required  to  obtain  approval  for  the  launch  of  an  RTG  system. 

4. 5.2.4  Communications  - The  Contractor  shall  furnish 
a lender  communication  system  capable  of:  (l)  relaying  Lander  data  via 

the  Orbiter,  and  (2)  transmitting  data  directly  to  Earth  and  receiving 
commands  directly  from  Earth.  The  communication  system  shall  include 
the  data  handling  and  storage  capability  required  to  satisfy  all  data 
requirements  including  those  identified  in  section  4. 2. 4. 4 and 
appendices  1 and  19. 

The  direct- to-Earth  link  shall  have  the 
capability  to  provide:  (1)  range  and  range-rate  data  while  simultaneously 

transmitting  Lander  telemetry  data  other  than  imagery,  and  (2) 
simultaneous  transmission  of  imagery  and  telemetry.  The  criterion  for 
link  design  shall  be  that  the  performance  margin  is  equal  to  or  greater 
than  the  linear  sum  of  the  adverse  tolerances  of  all  link  parameters. 

Relay  link  capability  shall  be  such  that 
about  10?  bits  of  surface  data  can  be  transferred  from  the  Lander  during 
each  coomnl cation  session  with  the  Orbiter;  direct-link  capability  shall 
be  such  that  about  10^  bits  of  surface  data  can  be  transferred  each  day 
through  the  90th  day  after  landing.  The  Lander  shall  be  capable  of 
receiving  contends  from  Earth  at  distances  up  to  4 00  X 10^  km.  Adequate 
coasand  storage/programer  capability  to  accomplish  the  planned  mission 
shall  be  provided  onboard  the  lender. 

The  functional  interface  of  the  relay  communica- 
tion link  with  the  Government- furnished  Orbiter  shall  be  at  the  RF  path. 


530 


Tkt  Contractor  shall  accomplish  the  overall  design  for  the  relay 
comaunication  system  including  the  development  of  the  requirements  and 
performance  specifications  for  all  elements  of  the  link  and  for  implementing 
those  hardware  elements  which  are  Lander-mounted.  Upon  Langley  Research 
Center  approval,  the  recommended  Orbiter-mounted  equipment  will  be 
provided  by  the  Government. 

The  relay  communication  system  shall  be 
designed  so  that  any  Orbiter  can  serve  as  a relay  for  any  Lander. 

4.5*3  Lander-Orbiter  Adapter 

The  adapter  between  the  Lander  Capsule  and  the  Orbiter 
(fig.  2)  shall  be  furnished  by  the  Contractor.  The  Government  will 
provide  a suitable  mounting  face  on  the  Orbiter  to  which  the  adapter  can 
be  attached. 

4,6  Launch  Vehicle,  Nose  Fairing,  and  Titan/Centaur  Launch  Facilities 

The  Contractor  shall  recommend  to  the  Langley  Research  Center 
for  approval  the  interface  requirements  between  the  Spacecraft  and  the 
Launch  Vehicle,  nose  fairing,  associated  ground  equipment  and  the  Titan/ 

Centaur  launch  facilities.  The  Contractor  shall  identify  and  control 
through  the  Langley  Research  Center,  all  technical  and  schedule  Interfaces 
related  to  his  tasks  under  this  Statement  of  Work. 

4.6.1  Launch  Vehicle 

The  Contractor  shall  utilize  the  Launch  Vehicle  data 
given  in  figures  4,  5,  and  6 and  appendix  2 in  accomplishing  his  tasks. 

4.6.2  Nose  Fairing 

The  Contractor  shall  use  a Spacecraft  dynamic  envelope, 
within  the  Government- furnished  nose  fairing,  not  to  exceed  12-1/2  feet 
in  diameter  by  19  feet  in  length. 

4.6.3  Titan/centaur  launch  Facilities 

The  Contractor  shall  utilize  Government- furnished  ETR  Titan/ 
Centaur  facilities  to  the  maximum  extent  possible.  He  shall  define  and  submit  to 
the  Langley  Research  Cancer  at  soon  as  practical  his  Titan/Centaur  ETR 
facility  requirements. 
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4.6.4  Required  Modifications 

The  Contractor  shall  Identify  and  furnish  his  require- 
ments for  any  mission- peculiar  Launch  Vehicle  or  nose  fairing 
modifications.  He  shall  also  identify  any  mission-peculiar  Spacecraft 
or  engineering  measurements  to  be  transmitted  via  the  Launch  Vehicle 
televietry  system. 

4.6.5  Launch  Vehicle  Availability 

The  Contractor's  plans  shall  recognize  that  only  one 
launch  pad  (Ho.  4l)  is  available  for  the  Viking  Project  and  that  the 
time  between  the  launch  of  the  first  vehicle  and  the  availability  of 
the  second  Launch  Vehicle  on  thd  pad,  ready  for  mounting  of  the  Space- 
craft, will  be  approximately  10  days. 

4.6.6  Spacecraft  Test  Models  and  Simulators 

The  Contractor  shall  furnish  Spacecraft  test  models 
and  simulators  for  Launch  Vehicle  development  and  testing. 

4.6.7  Supporting  Analyses  and  Data 

The  Contractor  shall  provide  miss ion- related  data  and 
analyses  necessary  to  support  the  development  by  the  Government  of 
launch  Vehicle  trajectory  and  firing  tables,  vehicle  loads  analysis,  etc. 

4.7  Testing 

The  Contractor  shall  develop  and  implement  a teat  program  that 
will  provide  a high  level  of  confidence  that  all  Project  objectives  will 
be  achieved. 

4.7.1  Master  Integrated  Teat  Plan 

The  Contractor  shall  prepare,  submit  for  approval,  and 
periodically  update  a Master  Integr  ted  Test  Plan.  The  plan  shall  define  - 
the  test  objectives,  concepts,  sped il cations,  requirements,  locations, 
configurations,  facility  and  support  requirements,  flows,  schedules,  and 
data  reporting  for  all  tests  necessary  during  the  development,  qualifica- 
tion testing,  acceptance  testing,  proof  testing,  mission  simulation  and 
other  phases  of  the  Project.  The  Contractor  shall  also  submit  for  approval 
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reccraendations  for  flight  acceptance  and  proof  teat  environmental  levels. 
B»e  Iangley  Research  Center  will  supply  data  on  Government- furnished  items 
a*  required  by  the  Contractor  for  the  integrated  test  plan. 

It.  7. 2 Lander  Capsule  Component  Tests 

Component  tests  shall  be  performed  to  verify  compliance 
with  lander  Capsule  component  level  specifications  prior  to,  during  if 
applicable,  and  after  exposure  to  Viking  Lander  Capsule  component  Plight 
Acceptance  Test  (FAT),  and/or  Proof  Test  (PT)  environments  representing  all 
phases  of  the  mission,  including  sterilization. 
b.7*3  Viking  Lander  Capsule  Tests 

Tests  shall  be  performed  to  verify  compliance  with 
Imdsr  specifications  prior  to,  during  If  applicable,  and  after  exposure 
to  PAT  and/or  PT  environments,  including  sterilization.  lender 
compatibility  with  the  Tracking  and  Data  System  shall  also  be  demonstrated 
In  accordance  with  the  requirements  of  appendix  19* 
lt.7.lt  Viking  Spacecraft  Tests 

As  a minimum,  tests  shall  be  performed  to  verify  (1) 
Imnder/Orblter  functional  compatibility;  (2)  the  ability  to  perform  in 
apaclflcatlon  prior  to,  during  if  applicable,  and  after  expoaure  to  FAT 
and/or  PT  environments;  (3)  Launch  Vehicle  and  Tracking  and  Data  System 
compatibility;  (U)  prelaunch  testing  at  the  space  vehicle 
level  sufficient  to  commit  to  launch. 

It. 7. 5 Aerospace  Ground  Equipment  (A®) 

The  Contractor  shall  furnish  all  AGS  such  aa  that 
required  to  develop,  assemble,  test,  sterilize,  handle,  transport < checkout 
and  aarvice  the  Viking  lender  Capsule  and  Viking  Spacecraft,  except  for 
the  Government- furnishad  equipment  (section  3.0).  AGE  is  defined  In 
table  1. 

It. 8 Launch  and  Flight  Operations  System 
b. 8.1  General 

The  Contractor  shall  pltn,  design,  develop,  implement, 
test,  and  participate  In  the  operation  of  the  launch  and  Flight  Operations 
System  required  to  accomplish  the  mission.  He  shall  integrate,  through 
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.ie  Trr>*ley  Research  Center,  the  Government-furnished  elements  int j 
that  system. 

I*.  8. 2 Planning 

The  Contractor  chall  prepare  a Master  Launch  and  Flight 
Operations  Integration  Plan  which  outlines  the  overall  system  planning 
approach.  To  implement  that  approved  Master  Plan,  the  Contractor  shall 
prepare  a detailed  plan  for  each  major  subsystem  or  element  for 
approval.  Examples  of  such  plana  include:  Launch  Operations  Plan,  Flight 

Operations  Pla:*,  Software  Development  Plan,  Simulation  and  Training  Plan, 
Operations  System  Tes^  Plan,  and  Operations  System  Design  Plan. 

^.8.3  Design  and  Developnent 

The  Contractor  shall  utilize  the  approved  plans  to 
design  and  develop  the  Launch  and  Flight  Operations  System,  including 
establishment  of  the  requirements  for  Governmert- furnished  data, 
equipment,  facilities,  and  support. 

U.8.4  Implementation 

The  Contractor  shall  furnish  all  facilities,  equipment, 
software,  services,  and  materials  required  to  implement  the  system  design 
with  the  exception  of  those  items  which  are  Government- furnished.  He 
shall  prepare  and  maintain  all  required  operations  system  schedules.  All 
softwsre  and  equipment  utilized  in  the  Launch  and  Flight  Operations  System, 
whather  Contractor  or  Government- furnished,  shall  be  identified  and 
referred  to  as  Operational  Support  Equipment  (OSE).  It  is  an  NASA  policy 
to  exclude  Contractor- furnished  OSE  in  those  facilities  which  constitute 
the  Tracking  and  Data  System.  Deviations  from  this  policy  require  special 
approval.  The  Contractor  shall  identify  to  the  Langley  Research  Center  for 
approval  any  mission- dependent  OSE  required  in  the  Tracking  and  Data 
System.  If  such  OSE  is  not  presently  Identified  as  Government- furnished. 

It  will  be  provided  by  the  Government.  06E  is  defined  In  table  1. 

U.8.3  Compatibility  Testing 

The  Contractor  shall  conduct  tests  to  demonstrate 
compatibility  between  the  Launch  and  Flight  Oparatlona  System  and  its 
major  Interfacing  Project  elements  In  accordance  with  an  approved  plan. 
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4.8.6  Training 

Th  ? Contractor  shall  train  Government  and  Contractor 
personnel  for  the  conduct  of  launch  and  flight  operations  in  accordance 
with  an  approved  plan.  Training  shall  be  conducted  by  the  use  of 
classroom  sessions  and  mission  simulation  exercises. 

4.8.7  Operations 

The  Contractor  shall  participate  with  the  Government 
In  the  operation  of  the  Launch  and  Plight  Operations  System  In  accordance 
with  approved  plans. 

4.8.8  Mission  Data 

Miasian  data  are  defined  at  all  data  generated  from 
launch  through  cessation  of  data  return. 

4.8.8. 1 Mission  Data  Plans  - The  Contractor  shall  prepara 
plans  and  associated  procedures  for  the  collection,  indexing,  handling, 
processing,  reduction,  delivery  and  reporting  of  all  mission  data. 

4.8. 8.2  Data  Collection  Indexing  and  Delivery  - the 
Contractor  shall  collect,  index,  and  deliver  all  mission  data  except 
for  Launch  Vehicle  data  and  the  Government- prepared  aaater  data  records 
in  accordance  with  approved  plann.  The  Contractor  shall  package  and 
transport  tfiese  data  from  the  point  of  origin  to  the  Langley  Research 
Center  and/or  other  locations  to  be  specified  by  the  Government. 

4.8.8. 3 Supporting  Information  - The  Contractor  shall 
develop  and  provide  all  necessary  entry  and  Lander  science  support 
information  including,  but  not  limited  to,  instrument  calibrations  and 
Imagery  supporting  data  such  as  photo  orientation,  location,  sun  angle, 
photo  geometry  scale,  and  resolution. 

4.8.8. 4 Data  Reduction  and  Reporting  - launch  Vehicle, 
Orbiter,  and  Tracking  and  Data  System  performance  data  compilation  and 
analysis  will  be  performed  by  the  Governsvent.  The  Contractor  shall 
utilize  those  data  along  #ith  his  Lander  performance  analysis  to  produce 
overall  mission  performance  reports  in  accordance  with  approved  plans. 
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U.B.8.5  Post-Mission  Data  Processing  - Tha  Contractor 
•hall  identify  the  requirements  for  post-mission  data  processing* 

He  shaLl  generate  the  software  required,  perform  the  necessary  operations, 
and  deliver  the  processed  data  to  the  Langley  Research  Center* 

5. 0 RASA  PARTICIPATION 

the  NASA  will  determine  Project  objectives,  requirements,  and 
policy  during  the  fulfillment  of  the  contract.  Throughout  the  course 
cf  the  contract  the  NASA  will  assess  the  performance  of  the  Contractor 
in  his  execution  of  the  contract  and  will  participate  to  the  extent 
deemed  necessary,  within  the  taps  and  conditions  of  this  contract,  to 
assure  satisfactory  management,  planning,  Integration,  and  implementation 
as  required  wo  successfully  achieve  the  Project  objectlvts. 
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VTfdHG  PROJECT  HARDWARE  TERMINOLOGY  ANT  DEFINITIONS 


Viking  Lander  System  (VLS)  - The  Lander  Capsule  and  all  associated 
ground  equipment. 

Viking  Lander  Capsule  (VLC)  - All  elements  of  the  Lander  Capsule 
(bioshield,  teroshell,  parachute,  lander,  etc.)  transported  to  Kars  b* 
the  Orbiter. 

Viking  Under  (VL)  - those  elements  which  accomplish  the  soft  landing 
on  the  planet  surface. 

Bloshlcld  Cap  - The  section  of  bloahitld  Jettisoned  prior  to  lender 
separation. 

Bioshield  Base  - lbs  bioshleld  afterbody  which  remains  attached  to 
the  Orbiter  after  the  Lender  separation. 

Viking  Under  Capsule  Adapter  - The  interstage  structure  which 
joins  the  Viking  Orbiter  and  the  Viking  Lander  Capsule. 

Vlklna  Orbiter  3vst— i (VOS)  - All  Orbiter  fHgj*~  hardware  and  ground 
equipment. 

Viking  Orbiter  (VO)  - The  flight  article  which  transports  the  VLC 
to  the  release  point  in  Kars  orbit  and  aakes  orbital  s*  lance  awasureamuts. 

Viking  Spacecraft  (V  s/O  * The  VLC-VO  coafci nation  excluding  the 
Launch  Vehicle  to  V-8/C  adapter. 

Launch  Vehicle  (LV)  - The  Titan/Centaur  as  modified  for  the  Viking 
mission. 

Viking  Spacecraft  Adapter  - The  adapter  betw-en  the  Viking  Spacecraft 
and  launch  Vehicle  including  the  isolation  diaphragm. 

paunch  Vehicle  SXS&SB  * The  Ti tan/Centaur  and  all  Launch  Vehicle 
flight  hardware  (nose  fairing,  etc.),  launch  facilities  and  associated 
ground  equipment. 

Viking  loses  Vehicle  - The  entire  vehicle  that  letveo  the  larth’a 
surface.  ~ 

Aerorec.  QroqpJ  KmlwwHt  (A«)  - Ail  uA  M*vd«tV  wftMr. 

required  to  develop,  assemble,  sterilise,  checkout,  test,  handle,  transport, 
e*td  service  the  VLC,  VO,  and  V«8/c  prior  to  countdown  and  launch. 

Owtlon.1  toveort  tOtt)  - A 11  and  iwtdiM 

Mftnri  to  n^ppert  tta.  training,  cotmUoni,  launch  tad  flight 

tfnttlm. 
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VIKING  PROJECT  HARDWARE  TERMINOLOGY  AND  DEFINITIONS  - TABLE  1 Continued 


Launch  and  Flight  Opera  Mons  System  - Equipment,  software, 
personnel  and  procedures  to  conduct  spacecraft  prelaunch  and  launch 


operations  and  the  flight  control  of  the  spacecraft  in  accomplishing 
the  mission  objectives. 


Tracking  and  Data  System  - A selected  collection  of  Earth-based 
equipment,  personnel,  and  procedures  that  acquires,  transnitr,  and 
processes  information' for  the  determination  of  a space  vehicle's 
position,  velocity,  and  performance . 


design,  develop,  test  and  laplenent 
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FIGURE  2 - VIKING  FLIGHT  HARDWARE  NOMENCLATURE  AND 
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VIKING  LANDER  CAPSULE  (VLC) 
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FIGURE  4 . VIKING  SPACE  VEHICLE 
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Figure  5 - Titan/  Centaur  Estimated  Injected  Payload  Capability 
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ANNOUNCEMENT 

DATE 

February  19,  1969 

SUBJECT i Establishment  of  Technical  and  Management  Evaluation  Committees  - 
Viking  Lander  System  and  Project  Integration  - NASA  Request  for 
Proposal  LlO-qann 


1.  Two  Evaulation  Committees  are  hereby  established  to  issist  the  Source  Evaluation 
Board  in  evaluating  different  areas  of  the  proposals  covering  subject  requirement, 
as  contained  in  Request  for  Proposal  LIO-98OO.  which  wi ! I be  required  to  accomplish 
the  objectives  of  this  procurement.  Personnel  are  assigned  as  follows: 

I . Techn i cal  Evaluation  Commit  tee 


I.  Taback,  Chairman  f Viking  Project  Office,  Langley 
L.  0.  Guy,  Structures  Research  Division,  Langley 

E.  A..  Brummer,  Viking  Project  Office,  Langle> 

W.  J Boyer,  Viking  Project  Office,  Langley 
N L.  Crab  ill*  Viking  Project  Office,  Langley 

E.  B.  Geer,  Flight  Vehicles  and  Systems  Division,  Langley 

C.  L.  Gillis,  Applied  Materials  ana  Physics  Division,  Langley 

J.  M.  Hallisey,  Jr.,  Applied  Materials  and  Ph/sics  Division,  Langley 
G.  A Soffcn,  Viking  Project  Office,  Langley 

J.  E Stitt ,*F1 ight  I nst rumentat ion  Division,  Langley 
A,  T Young,  Viking  Project  Office,  Langley 

F.  E.  Mershon,  Viking  Project  Office,  Langley 

1 1 . Management  Evaluation  Commit  tec 

E,  C.  Kilgore,  Cha i rman , Engineering  and  Technical  Services,  Langley 

C,  T.  Brown,  Flight  Vehicle-*  and  Systems  Division,  Langley 
V.  R.  Glenny,  Procurement  Di.ision,  Langley 

A.  Guasta*erro,  Viking  Project  Office,  Langley 
R,  H.  Sproull , Viking  Project  Office,  Langley 

D.  G.  Stone,  Analysis  and  Computation  Division,  Langley 
D.  B.  Ahearn,  Procurement  Division,  Langley 

2.  The  Technical  Evaluation  Committee  will  be  assisted  by  panels  which  will  have 
the  following  membership: 

1 . Science  Panel 

G.  C.  Broome,  Cha i rman , Viking  Project  Office.  Langley 

W.  H.  Michael,  Jr.,  Aeronautical  and  Space  Mechanics  Division,  Langley 

M.  A.  Mit?,  NASA  Headquarters 

G.  A.  Soffen,  Viking  Project  Office,  Langley 

G.  P.  Wood,  Aero-Physics  Division,  Langley 

A.  T.  Young,  Viking  Project  Office,  Langley 

S.  T.  Peterson,  Instrument  Research  Division,  Langley 
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II.  Mission  Analysis  and  Design  Panel 

N.  L-  Crab  ill,  Chai rman , Viking  Project  Office,  Langley 
J.  F.  Newcomb,  Jr.,  Viking  Project  Office,  Langley 
C.  H.  Robins,  Jr.,  Viking  Project  Office,  Langley 
R.  H.  Tolson,  Viking  Project  Office,  Langley 

G.  R.  Young,  Applied  Materials  and  Physics  Division,  Langley 
E.  F.  Harrison,  Aero-Physics  Division,  Langley 

III.  Electronics  Panel 

E.  A.  Brummer,  Chai  rman , Viking  Project  Office,  Langley 

E.  M.  Bracalente,  Flight  Instrumentation  Division,  Langley 
W.  T.  Bundick,  Flight  Inst rumentation  Division,  Langley 

W.  F.  Cuddihy,  Viking  Project  Office,  Langley 
R.  P.  Faust,  Viking  Project  Office,  Langley 

C.  H.  Green,  Jr.,  Vikinq  Project  Office,  Langley 
R.  F.  Harrington,  Vi ki ng  Preject  Office,  Langley 

IV.  Power  and  Electrical  Integration  Panel 

R D.  Smith,  Chai rman . Viking  Project  Office,  Langley 
J.  L Patterson,  Flight  Iribt rumentat ion  Division,  Langley 
R.  C.  Wells,  Flight  Vehicles  and  Systems  Division,  Langley 

V.  Propulsion  and  Guidance  and  Control  Panel 

H.  J.  E Reid,  Jr.,  Cha i rman , Flight  Instrumentation  Division,  Langley 
T.  8.  Ballard,  Flight  I nst rumentat ion  Division,  Langley 

D.  J.  Carter,  Jr.,  Viking  Project  Office,  Langley 

H.  K.  Clark,  Flight  Vehicles  and  Systems  Division,  Langley 
L.  J.  DcRyder,  Jr.,  Viking  project  Office,  Langley 

C.  D.  Engle,  Viking  Project  Office,  Langley 

J.  L.  Jones,  Jr.,  Viking  Project  Office,  Langley 

P.  R.  Kur7ha I s , Applied  Materials  and  Physics  Division,  Langley 

R.  0.  Staib,  Analysis  and  Computation  Division,  Langley 

VI . Engineer inc  Mechanics  Panel 

F.  E.  Mershon,  Chairman , Viking  Project  Office,  Langley 
L-  D.  Guy,  Structures  Research  Division,  Langley 

P.  J.  Bobbitt,  Dynamic  Loads  Oivision,  Langley 

T.  W.  E.  Hankinson,  Viking  Project  Office,  Langley 

J.  C.  McFall,  Jr.,  Applied  Materials  and  Physics  Division,  Langley 

I.  W,  Ramsey,  Viking  Project  Office,  Langley 

J.  0.  Timmons,  Viking  Project  Office,  Langley 

R.  E.  Turner,  Applied  Materials  and  Physics  Division,  Langley 
W.  C.  Falk,  riignl  vehicles  and  Systems  Division,  Langley 
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VI I . Ster  i I i ?at  i jn  and  Planetary  Quarantine  Par.-) 

L.  P.  Oaspit,  Chai rman , Viking  Project  Office,  Langley 
0.  S.  Childrens,  Jr.,  Viking  Project  Office,  Langley 
0.  G.  Fox,  NASA  Headquarters 

J.  F.  Zanks,  Flight  Instrumentation  Division,  Langley 

VIII.  Launch  and  Flight  Operations  h«ne1 

W.  J.  Boyer,  Chair  men.  Viking  Project  Office,  Langley 
J.  6.  Graham,  Jr.,  Viking  Project  Office,  Langley 

U.  H.  Lovelace,  Viking  Project  0ffice,  tangley 
0.  H,  Ward,  Viking  Project  Office,  Langley 

0.  D.  Webb,  Viking  Project  Office,  Langley 

IX.  Tes  ting  Pane) 

V.  I.  Watson,  Chejjrman,  Viking  Project  Office,  Langley 
R.  L.  Girouard,  Viking  Project  Office,  Langley 

N.  A.  Ho imberg , Viking  Project  Office,  Langley 

H.  L.  Smith,  J>  . , Flight  Vehicles  and  Systems  Division,  Langley 

X.  Mission  Assurance 

E . H.  Britt,  Chai rman , Office  of  Director,  Langley 

G.  W.  Brewer,  Viking  Project  Office,  Langley 

M.  J.  Pilny,  Viking  Project  Office,  Langley 

H.  H.  Ricker,  Jr.f  Flight  I ns trumentat ion  Oivision,  Langley 
M.  B.  Scyffert,  Fabrication  Division,  Langley 

W.  L.  £rvi,  Jr.,  Viking  Project  Office,  Langley 

3.  The  Management  Evaluation  Committee  will  be  assisted  by  panels  which  will  have 
the  following  membership: 

I .  Management  Effectiveness  Panel 

D.  G.  Stone,  Chairman , Analysis  and  Computation  Division,  Langley 

A.  Guastaferio,  Viking  Project  Office,  Langley 

C.  T.  Brown,  Flight  Vehicles  and  Systems  Division,  Langley 

A . Management  Control  and  Procedures  Subpanel 

A Guastaterro,  Chairman . Viking  Ptoject  Office,  Langley 
T.  N.  Bartron,  Flight  Vehicles  and  Systems  Division,  Langley 
H.  B.  Bland,  Resource.  Programming  and  Control,  Langley 
W.  R.  Glenny,  Procurement  Division,  Langley 

J.  ft.  Hall,  Space  Vehicle  Design  Criteria  Office,  Langley 

E.  J.  Janota,  Procurement  Division,  Langley 

H.  T.  Thornton,  Jr.,  Flight  Vehicles  and  Systems  Division,  Langley 

F.  V.  Moore,  Procurement  Oivision,  Langley 


B .  Schedu I e and  Imp I ementat ion  Subpanel 


C.  T.  Brown,  Cha i rman , Flight  Vehicles  and  Systems  Division,  Langley 

H.  J.  Curtman,  Jr.t  Applied  Materials  and  Physics  Division,  Langley 
J E . Harris.  Vising  Project  Office,  Langley 

F.  E.  Jt  nn  i nc.  s . Viking  Project  Office,  Langley 
J F.  McNulty,  Flight  Vehicles  and  Systems  Division,  Langley 
J M.  M 1 choc  I , Resources  Programming  and  Control,  Langley 

* W.  M.  Moore,  Flight  Instrumentation  Division,  Langley 

J.  D.  Pride,  Jr.,  Flight  Vehicles  and  Systems  Division.  Langley 
H V.  Fulkt.  Flight  Instrumentation  Division,  Langley 

II . Qualification  and  Cost  Panel 

D.  B.  Ahearn,  Chairman,  procuremer*  Division,  Langley 
R.  H Sproull , Viking  Project  Office,  Langley 
W,  R.  Glenny,  Procurement  Division,  Langley 

A.  Capability  and  Capacity  Subparel 

R,  H.  Sproull.  Chai rman  Viking  Project  Office,  Langley 

V.  W.  Anderson,  NASA  Headquarters 

W.  E.  Craig,  Jr.,  Flight  Instrumentation  Division,  Langley 
C.  M Lord,  Jr.,  procurement  Division,  Langley 

W.  Mayo.  Flight  Vehicles  and  System ^ Division,  Langley 
J L.  Raper,  Applied  Materials  and  Physics  Division,  Langley 

I.  G.  Recant,  Viking  Project  Office,  Langley 
C.  Thiele,  Fabrication  Di.ision,  Langley 

E.  J Wo  1 M , Flight  VehicNs  and  Systems  Division,  Langley 

B.  Cost,  Fee  and  Indent ives  Suhpane) 

* W.  R.  Clenny,  Cha i rman , Procurement  Oivision,  Langley 

* 0.  B.  Ahearn,  Procurement  Division,  Langley 

C.  T.  Brown,  Flight  Vehicles  and  Systems  Division,  Langley 

* A.  Guastaferio,  Viking  Project  Otrtce,  Langley 

A.  J.  Hansbrough,  Resources  Programming  and  Control,  Langley 

* V.  M.  Moore,  Flight  Instrumentation  Division,  Langley 

* F.  V.  Moore,  Procurement  Oivision,  Langley 
W.  R.  Nixon,  Procurement  Division,  Lanqlcy 

* 0.  G.  Stone,  Analysis  and  Computation  Division,  Largley 

* A.  H.  Sproull,  Viking  Project  Office,  Langley 

* I.  J.  Wolff,  Flight  Vehicles  and  Systems  Division,  Langley 


(*  Oual  Capacity  - Costing  information  to  be  received  approximately 
two  weeks  after  submittal  of  basic  proposal.) 
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4.  It  is  anticipated  thnt  the  Committee  , Panels,  and  Subpanels  cited  above  will 
be  augmented  by  Jet  Propulsion  laboratory,  „oddard  Space  Flight  Center,  Manned 
Spacecraft  Center,  Kennedy  Space  Center,  and  Ames  Research  Center  personnel.  Names  of 
these  individuals  will  be  provided  prior  to  the  due  date  of  proposals. 

5.  The  duties  of  the  Committees,  Panels,  and  Cubpanels  will  be  to  assist  the 
Source  Evaluation  Board  in  arriving  at  its  assessments  of  the  proposals  in  the 
manner  to  be  prescribed  by  the  Source  Evaluation  Board.  In  this  connection,  an 
Evaluation  Plan  will  be  provided  prior  to  receipt  of  proposals. 

6.  Attention  of  all  Committee,  Panel,  and  Subpanel  members  is  directed  to  NASA 
Procurement  Regulation  3 .804-4  which  prohibits  the  disclosure  of  information 
regarding  this  evaluation  to  anyone  who  is  not  also  participating  in  the  same 
evaluation  proceedings.  The  right  to  information  does  not  extend  to  the  normal 
chain  of  supervision  affecting  any  parr!  member. 

■ Eugene  C.  Ora  ley 
Chairman,  Source  Evaluation  3oard 


APPROVED: 


r/  £ 

Cortr  igfft 


Copiei  to: 

Each  Committee  Member  (through  official  channels) 
Director 

Associate  Director 
Assistant  Directors 
NASA  Hqs . , Code  SL 
NASA  Hqs. , Code  SB 
NASA  Hqs. . Code  BX 

Chief,  Engineering  aid  Technical  Services 
Procurement  Officer 
Viking  Project  Office 

All  Engineering  and  Technical  Services  Division  Chiefs 

All  Research  Division  Chiefs 

Adtalnistrat Jve  Services  Division 

Assistant  Personnel  Officer 

Office  of  Chief  Counsel 

rnos 
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